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FOREWORD 



This TOlume presents a non-technical record of the history of 
the Medical Program of the Manhattan District. The history coyers 
the period from the inception of the Manhattan District to 1 July 
1946. The data was obtained from the files of the Medical Section, 
and from those individuals who were associated with the Ledical Pro- 
gram during its organization and development. 

Included in the volume is a resume of all activities of the Med- 
ical Section except these which concern Area Y. The kedical Program 
at Area Y, although under the supervision of Colonel Stafford L. 
Warren, Chief of the Medical Section, is described in Book VIII 
of the Manhattan District History. 



11 March 1947 
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SUMMARY 



1. Introduction . - It was the purpose of the Manhattan District 
Medical Section to supervise and advise on the numerous unique problems 
arising from the processes used in the District and to facilitate pro- 
gress of the Project by safeguarding the health of the employees. The 
Medical Program covered: research on the effect of absorbed uranium, 
plutonium, fission products, etc., on the human organism; industrial 
hygiene, with appropriate programs instituted in the various plant's 
and laboratories; and clinical and public health programs, the pur- 
pose of which was to supply adequate facilities for the personal 
health of the communities. The authorizations for the construction and 
operation of the Medical Facilities of the Manhattan District were 
provided in general by Public Law No. 703, Public Law So. 354, Public 
Law No. 580, and Executive Order No. 9001. Specific authorizations were 
provided in a Report of 17 June 1942 to the President of the United 
States by Dr. V. Bush and Dr. J. B. Conant, by delegations of authority 
under Executive Order No. 9001, and in a memorandum dated 23 September 
1942 signed by the General Policy Group designated by the President of 
the United States. The problems facing the Medical Section were in- 
tensified by the urgency of the need for their solution since many of the 
materials to be studied were already in use at least on a laboratory 
scale, and in some instances on a plant scale. The necessity of main- 
taining security was also a major factor affecting the District's 
medical program. As a result, there was some difficulty in preventing 
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duplication of effort, since interchange of information between related 
projects was restricted to the minimum required for intelligent conduct 
of the individual operations. To insure cooperation and to maintain ae- 



such as the local Medical and Dental societies, the Procurement and 
Assignment Service, State Boards of Dental Examiners, and State Boards of 
Medical Examiners. 



as are noted in large construction programs and in chemical plants 
were to be expected in the operations of the Manhattan District. One 
of the major problems was the hazards of radioactivity, which were know, 
in a general manner by the results published on the radium, dial painting 
industry. The radioactive emanations which were encountered were; 
alpha particles, or electrically charged nuclei of helium atoms; beta 
particles, which are free electrons-; gamma rays and x-rays, .which are 
not particulate but are electromagnetic waves; and neutrons, or particles 
which have no electric charge. Radioactive substances from which any or 
all' of these emanations might be expected are: radium, on which consider- 
able data has been accumulated; radon, a gas produced when the radium 
atom disintegrates; polonium, a decay product of radium; plutonium, 
a product of neutron bombardment of uranium which is the basic material 
on which the District operates; and fission products, which consist of a 
series of radioactive substances produced in the "pile" process. A second 
major problem was the chemical hazards, some of which were due to entirely 



curity regulations, special arrangements had to be made with other agencies 



2. Hazards of Operations. - Normal industrial hazards such 
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new substances while others were well known industrially. Of the gases 
used or produced, considerable care was exercised with fluorine and 
hydrogenfluoride, two very corrosive materials; and with phosgene, a 
by-product in the production of uranium tetrachloride. The liquids 
which were produced or used were the fluorocarbons, which are entirely 
new compounds, industrially, and are moderately toxic j and such solvent 
materials as trichlorethjlene . Metals other than the radioactive type, 
which were employed in sufficient quantities to warrant notice as 
hazards, were: beryllium, cadmium, and nickel. Because of the number 
and varied types of materials and the great quantities involved, it was 
necessary to set tolerance values for the various hazards. Definite 
values for the maximum allowable exposures to the various materials, both 
radioactive and chemical, had to be established to facilitate efficient 
over-all operation. Beta radiation, neutron radiation, combined gamma 
and fast neutron radiation and x-ray or ganma radiation tolerance levels, 
stated injterms of total body radiation, and alpha radiation tolerance 
levels, based upon the amount in the body tissue, were established by the 
District Medical Section* Tolerance concentrations for radioactive 
substances in air, such as radon, polonium, plutonium, fission products 
and uranium and its compounds were studied and established with 
factors of safety as high as practicable. Since practically all of the 
materials used could be absorbed into the body, tolerance levels of 
radioactive material in body tissues were established for radium, 
polonium, plutonium and fission products. It was impossible to analyze 
human tissues for radioactive materials, so an indirect net hod was 
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employed which consisted of analyzing the urine for such materials. 
This indirect method necessitated the establishing cf tolerance levels 
of radioactive substances in urine. In the case of the non-radioactive 
materials it was necessary to establish tolerance levels in air for 
chemical hazards. In order that the various tolerance levels would not be 
exceeded it was necessary to institute methods and instruments for 
estimating hazards and, as a result of intensive research, such methods 
and instruments were developed and constructed. For the measurement 
of radioactive emanations, counter instruments, electrostatic indicat- 
ors and the vacuum tube electrometer were adapted or developed. 
Monitoring methods which were developed to maintain supervision over 
the various hazards included the use of mechanical devices such as : 
film badges, pencil chambers, and finger rings containing x-ray film 
inserts. Physio-biological methods for monitoring, such as finger 
printing to note destructive changes in the print ridges, and blood 
counts to note deleterious changes in the peripheral blood, were also 
used rather extensively. In radioactive dust monitoring a device 
designed by Mine Safety Appliance Company called an "electrostatic 
dust precipitator" was used to determine the . amount of radioactive 
dust in the air. Urine and breath samples were used to monitor the 
amount of exposure experienced by the various employees. Instruments 
and methods for chemical hazard eo nit o ring were developed where neces- 
sary, the most important being those 'for fluorine detection, phosgene 

SU 



v Fluorine and the fluoro carbons in general were industrially new 

products and processes, and studies of their hazards and medical 
control had to be considered. Protective measures included physical 
examination of wo rice r 3 and the use of adequate ventilation and fire 
protection systems. Boron production, with its attending hazards and 
medical control, was also one of the problems of the industrial iiedical 
Division. Since those processes normally were conducted in closed systems, 
exposures were unusual. Protective measures consisted in control of 
dust and fume concentrations, good housekeeping and physical examinations, 
on the limited numbers of people employed. Process research was performed 
by universities or industrial laboratories selected to do research on 
various problems. Research on the diffusion process had a wide scope 
covering all phases of the development of the process. Contractors on 
( the developmental research included the Kellex Corporation, S. A. 11. 

Laboratories and the Linde Research Laboratory. The hazards encountered 
were those associated with uranium hexafluori Je and the fluorocarbons 
but these hazards were carefully supervised by medical control. Develop- 
f''^ mental research, on fluorocarbons, radium extraction, and methods of 

manufacture of uranium compounds, was carried out in various universities 

* 

and these installations were inspected and supervised in respect to 
medical hazards by the Industrial Medical Section. Analytical research 
on methods of ore analysis, .and the analysis of various uranium compounds 
were carried out at National Bureau of Standards, Princeton University 
and Massachusetts Institute of Technology. The development and production 
of process material in general presented, with few exceptions, no 
'■ ^ hazards requiring medical supervision. Barrier production presented 
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< a hazard of nickel dermatitis, while the manufacture and testing of 

pumps for the diffusion process produced the hazards of handling 
uranium hexaf luoride, fluorine and the fluorocarbons. These last 
mentioned hazards were also noted in production of the unit assemblies 
for the diffusion process. 

The gas diffusion and thermal diffusion processes were 
located in Oak Ridge, Tennessee. These processes and their hazards 
were of prime importance to the Industrial Medical Division. The 
hazards of the gas diffusion process and the hazards of the thermal 
diffusion process were primarily due to uranium hexa fluoride and its 
hydrolysis product, uranium oxyf luoride, although numerous other 
hazards were also present. The medical control of hazards for both gas 
and thermal diffusion was in general based on an industrial hygiene 
( program developed around the Carbide and Carbon Chemicals Company 

medical organisation. Two types of routine medical examinations were 
performed: a pre-employment examination to determine the physical con- 
dition of the prospective employee, and interval and termination exami- 
1 nations to determine whether any deleterious effects had been produced 
by the employee's type' of work. In order that a close checK on hazards 
could be kept, a program of monitoring was instituted, including air 
contamination and radiation surveys, which were made at frequent Intervals, 
General industrial hygiene was also a problem of major importance in 
the processes. About 15,000 patient visits per month was average when 
the processes were in full production; Occupational and non-occ upational 
. medical care were divided in a ratio of 35$ occupational 65% non- 
( occupational. In its relationship to the Safety Departments, the 



Medical Department followed the Safe Practice Recommendations of 

Or 

the New York Safety Committee. Other Activities included: local 
public health" work, and a catastrophe program to provide far the . 
protection and treatment of plant personnel in case of any major 
emergency. The organization of the Carbide and Carbon Chemicals 
Corporation medical staff was under the supervision of Dr. Adolph 
Kammer. The Ford, Bacon and Davis Company operated a separate 
medical department until February 1945 at which time Dr. Kammer 
assumed full responsibility. The medical program of the Fercleve 
Corporation was also under the supervision of Dr. Kammer. The 
construction and operating costs for the various companies' medical 
programs ? covering all medical work for both gas and thermal diffusion 
processes, totalled approximately £-660,845-58 as of 30 June 1946. 

The electromagnetic process, like the gas and thermal 
diffusion processes, was located in Oak Ridge, Tennessee. The princi- 
pal hazards of this process were phosgene and dusts containing uranium, 
but numerous other hazards were also present. The medical control of 
the hazards in general was under the supervision of the industrial 
hygiene service maintained by the Medical Division of Tennessee Eastman 
Corporation. Pre-employment physical examinations, interim examinations', 
and termination examinations were made as a routine procedure to protect 
both the employees' and company's interests. A monitoring program was 
established to maintain a close check on: uranium-containing dust in 
the plant air; phosgene, a poisonous by-product; and radiation of all 
types produced in the process. The problem of general 
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industrial hygiene was of definite importance, especially in 

keeping the employees on their jobs* A general indication of the 

amount of eervioe offered is the fact that when the process was 

in, full production an average of 55,000 patient visits per 

month -was recorded, in average of ISO oases of oooupational 

injury or illness and an average of 400 oases of non-occupational 

injury or disease were seen every 24 hours. The Tennessee 

Eastman Corporation Division also supervised the local plant 

sanitation and public health* The organisation of the Medical 

H. 

Division was under the direction of Dr. James A Sterner while the 
District Uedical Section liaison was carried out by officers from 
the District Industrial Medical Division. The total oost of this 
medical program was $994,000 as of 1 July 1946, not including the 
oost of certain facilities in Knoxville. 

The pile process was developed for the production of plutonium 
from uranium* The process consists in general of the neutron bombard- 
ment of o armed slugs of uranium placed in the pile in a pre-arranged 
manner. Metal pro ceasing and sb^jsjing in preparation for coating and 
canning the uranium slugs is done at Eanford. Experimental work on 
all phases of plutonium production was conducted at both Clinton Labora- 
tories and the Metallurgical Laboratory. The hazards of metal shaping' 
and processing were primarily due to the possibility of breathing 
uranim-oontaining dust while the ha cards noted in the operation of 
the pile were principally due to the enormous amount of radiation 

S9 



produced. In the plutonium extraction and concentration processes 
the intense radioactivity of the activated uranium slugs, the radio- 
activity of the gases liberated in dissolving the metal and the 
toxicity of plut onlum and the fission products were of primary interest 
as major hazards. The hazards of the experimental work were- roughly 
the same as those of the plant processes, with some additional hazards. 
Hazard control was in general divided Into two problems: monitoring 
and protective procedures. Monitoring of personnel necessitated the 
careful check of all employees, who were required to wear two pocket 
ionization meters and a film badge. Plant areas, atmosphere sur- 
rounding the plant, and the large quantities of water used in the 
process were also very carefully monitored. Maintenance work in any 
of the hazardous areas was always preceded by monitoring surveys and a 
job analysis. Miscellaneous special surveys for radioactive contamination 
were made periodically in the cafeterias, laundry, office buildings, etc. 
Protective procedures consisted of: use of floor and table covering to 
guard against contamination of work benches, etc.; protective clothing, 
apparatus and equipment, which included coveralls, gloves, ha^s, shoes, 

eic; and the rotation of employees from places of high radiation in- 
to 

tensities of places of low radiation intensities at frequent intervals. 
Medical examinations, consisting of pre-employment physical examinations, 
interval examinations and termination examinations, were performed on 
all employees. In an evaluation of hazard control it can be stated 
that the foregoing methods provided complete protection to the indivi- 
duals working on various phases of the pile process. In the general 

•( 
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industrial hygiene work at the Hanford Engineer Works the major 
objective was the protection of the employees and the public from 
over-exposure to radiation. The Industrial Medical Section was 
responsible for all occupational and non-occupational medical care at 
Hanford. Statistics showing the extent of activities are presented in the 
body of this report. A Special Hazard Committee coordinated the 
activities of the industrial medical division with operations. 
A catastrophe program for area evacuation was devised and revised 
periodically to meet changing conditions. The industrial medical 
organization was under the supervision of Or. W. D. Norwood. Space 
and facilities for the principal headquarters of the Industrial teed- 
ical Division were in Kadlec Hospital. Records of the Industrial 
Medic al Division were kept separate from all other hospital and clin- 
ical charts. The cost of £he Industrial Medical Division, exclusive 
of facilities, was $2,581, 158. 85 to 30 June 1946. 

At Clinton Laboratories all occupational and non-occupational 
care was conducted in the medical dispensary on the Laboratory area. 
A definite relationship to the Safety Department of the Clinton Labora- 
tories was established through the Chief of the Medical Division who 
was a member of the Central Safety Committee. A catastrophe program 
was organized in two phases, one to correlate with the general Oak 
Ridge Program and one for Clinton Laboratories area alone and, in 
addition, the medical division had other activities related to local 
plant public- health problems. The organization and facilities of the 
Clinton Laboratories medical division were under the supervision of 



Dr. H. S. Stone and Dr. S. Cantril. The cost of providing the industrial 
medical service at Clinton Laboratories was estimated at $368,000 from 
the time of its inception until 1 July 1%6* At the Metallurgical 
Laboratory in Chicago all of the occupational and non-occupational 
medical care was handled by project physicians. As at Hanford and 
Clinton Laboratories there was a direct relationship to the Safety 
Department of Metallurgical Laboratory. A catastrophe program was never 
organized, as the University of Chicago considered it unnecessary be- 
cause of the many safety features incorporated in the operations. A 
number of physicians at the Metallurgical Laboratory had other activities, 
mainly along the lines of clinical research. The organization of the 
medical division, which employed some 90 persons at the peak of its 
activities, was under the supervision of Dr. R. S. Stone. At first 
the dispensary facilities of Billings Hospital were used but after 
July 194A Drexel House was used for this purpose. No breakdown of the 
cost of operating this service is available. 

Polonium was produced at the Monsanto Chemical Company's 
units 3 and U, located at Dayton, Ohio. The process used at this 
installation is primarily physio-chemical in nature. The hazards of 
polonium production are primarily those of radiation since practically 
all of the materials handled are radioactive. The medical control of 
hazards was handled in general through the Industrial Medical Division 
of the Manhattan District Medical Section. The three routine types of 
medical examinations performed at Dayton were: pre-employment, interval 
and termination, all of which were in accordance with usual industrial 




practice. Monitoring of the atmosphere in the working areas for radio- 
activity was performed daily. To facilitate job procedures and prevent 
excessive radiation hazards to employees, detailed monitoring of routine 
operations was done at frequent intervals. Personnel were also care- 
fully checked at frequent intervals by means of urine, blood, and feces 
analysis, as well as by the use of film badges, pencil chambers and wrist 
films. The general industrial hygiene problems were handled in the 
small dispensary by a registered nurse. More than minor injuries and 
illnesses were referred to a physician in part-time employment of the. 
company. The organization was under the direction of Captain B. S. 
Wolf and consisted of 27 employees. The. cost of this medical program 
from October 1943 to 30 June 1946 was approximately $243,000. 

4. Clinical Medicine and Dentistry . - The provision of medical 
and dental care and related services for both the Clinton and Hanford 
Engineer Works presented numerous difficult and unusual problems. 
Clinical medicine and dentistry at Oak Ridge consisted of a medical 
program attuned to the community needs. Service was planned at first 
for an estimated population of 8-10,000; but, as the project grew 
it was necessary to adjust the planned service for estimated popu- 
lations of 15,000 to 50,000 and finally for estimated population of 
72,000. The policy concerning fees, personnel and service necessarily 
had to be revised from time to time with the increasing demand. The 
type of medical service rendered was limited at first to first-aid 
and emergency medical care but was finally expanded into a full 
hospital and clinic service with the associated medical specialties. 
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A pre-payment plan for medical care under the name of the Oak 
Ridge Health Association was instituted since it was felt that such 
a plan would insure better medical care, reduce absenteeism, decrease 
bookkeeping and be an inducement in recruiting workmen. The plan oper 
ated under a contract between the Association and the hospital. The 
objectives of the plan were to give hospitalization and medical cover- 
age in as broad a sense as was economically feasible. Membership 
was limited to government employees and the personnel of the oper- 
ating companies, the charge for a family membership being #4.00 per 
month. The services covered were: hospital service, diagnostic 
service and physicians 9 services. There were certain services not 
covered, such as: alcoholism, self-inflicted injuries, special 
nursing care, etc. which are not covered in the usual medical pre- 
payment plans. The administration of the plan was first under the 
direction of Mr. Henry Vaughn and later under Mr. J. H. Stallings. 
In an evaluation of the Oak Ridge Hospital Association it can be 
said that this plan offers more benefits to the subscriber than any 
existing plan. The financial status is best shown by the fact that 
in approximately two years of operation reserves amount to about 
$80,000.00; but the probable future of the plan is unpredictable. 
An emergency disaster program was established by the aedical staff 
for use in case of a major disaster which might require medical 
participation. The organization of the clinical medical program at 
Oak Ridge was first undertaken by the University of Rochester under 
authorization by the Manhattan District. Later the organization 
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was taken ever by the Roane-Anderson Company. Statistics on oper- 
ations show an increase from 8 doctors and 1,890 patients in July • 
1943 to 52 doctors and over 20,000 patients in July 1945. Following 
V-J Day the total population of the area gradually decreased to 
apprcadUuately 42,000 in July 1946; during this period Amy Medical 
Corps Physicians were gradually replaced by fiivilian physicians 
according to the needs of the conmunity. A dental program was in- 
stituted in conjunction with the medical program and was continually 
adjusted to the community dental needs. The policy was to nse 
civilian dentists since procurement of dentists was less critical and 
dentists would have no contact with classified material. The dental 
facilities were increased from accomodations for two dentists 
at first to accommodations for 29 dentists in March 1945 and 25 
^ thereafter. The organization was .at first under the direction of 

Or. Don Claws on but was later placed under the direction of Dr. William 
Squires. The statistics on operations show an increase from 28 patients 
in July 1943, to 4233 patients in March 1945 and 3609 in July 1945. 
On 1 February 1946 the dental clinic ceased to be operated by Roane- 
Anderson Co.; thereafter dentist care was provided on a private 
practice basis. A public health program under the direction of Captain 
Bernard Blum was organized in January 1944, and a veterinary service 
was organized under the direction of Captain Lloyd Jameson in August 1943 « 
On 18 December 1945 Captain Blum terminated his Army Service and was 
succeeded by Mr. Leon S, Blankenship as public Health officer; Captain 
Lloyd Jameson was secceeded by Dr. James Kile as Area Veterinarian 
C on 1 January 1946. The net cost of all of these services to 1 July 
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1946 amounts to ¥2,829,349. 

Clinical medicine and dentistry at Hanford Engineer Works 
was divided into two phases, one existing during the construction 
period and the other during the operations period. The construction 
phase medical program was instituted to meet the community needs of 
a temporary community of construction workers ^ the policy concerning 
personnel, 'facilities and charges being directed by the contractor, 
B. 1. du Pont de Nemours and Company, Inc. The type of medieval 
service rendered began as first-aid and emergency medical work but 
rather quickly developed into full hospital and clinic service, including 
an industrial medical relations seotion as a part of the Kedical 
Division. An interesting feature of the program was a plan adopted to 
utilize all available manpower by the use of handicapped workmen. 
The organization of the Medical Division was under the supervision 
of Dr. J. U. Wetherhold who in turn was responsible to the contractor. 
The operating statistics show a man-i mum in personnel and also in 
x'^^-i^ patients 3e an 'during the months of May through September and Jun e 

and July of 1944. A dental program and a public health service were 
also in operation during the construction phase* A 'breakdown of 
the cost of operations during the construction phase shows a deficit 
of 7 24, 000. The operations phase medical program, in contradistinction 
to the construction phase, was instituted to meet the community needs 
of a permanent type of community of a higher type of worker. The 
policy, as in the case of the construction phase, was under the 
direction of the contractor, £. I. du Pont de Hemours and Co. The 
I type of medical service rendered was that of a regular hospital 
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with attached clinics having all specialties available. The organi- 
zation of the medical service at Richland was under the direction 
of Dr. W. D. Norwood, ufao in turn was responsible to the .Assistant 
Plant Manager. Operating statistics show an increase in doctors 
in general relation to the total population. A dental program was 
established in close association with the medical program and was 
available in August 1944. In January of 1945, the public health 
program entailed a transfer of the Public Health Section from Han- 
ford to Richland . An emergency disaster program was established 
in conjunction with the industrial medical group for operation in 
case of a major disaster, a breakdown of the cost of operations 
during the operations phase shows a total net medical cost of 
$2,581, 158 to Jul v 1 1946. 

5 . Biologic and Health Physics Research . - The research 
section caae as a natural development of the rapid progress of 
physical research. The purpose of the research program was to in- 
vestigate the potential damaging effects of uranium and other radio- 
active compounds used, as well as certain special materials which had 
had no previous industrial use. Radiation research was first realized 
to be necessary by the University of Chicago group because of their 
work on the pile process. X-ray and gamma radiation as well as neutron 
radiation, beta radiation, alpha radiation and mixed radiations were 
studied thoroughly in both acute and chronic doses. Projects" cover- 
ing instrument research were in general interested in the development 
of new instruments in order to cope successfully with the radiation 
problems. Institutions chosen to work on the instrument problem 



as well as on radiation research were: the University of Chicago, 
Clinton Laboratories and the University of Rochester. Hazard re- 
search on radioactive substances was a problem of major importance. 
In general this work was concerned with the possible damaging effects 
of radioactive substances when inhaled, ingested or placed in contact 
with the skin; and the substances studied were: radium, polonium, 
plutonium, fission products and uranium. Substances of potential 
chemical toxicity such as the fluoracarbo'ns, elemental fluorine, 
etc., were also studied to prevent possible hazards. Industrial 
research concerned itself in general with the new medical aspects, 
such as: monitoring, protective measures and statistical studies. 
This type of work was performed at the University of Chicago, Clinton 
Laboratories and the University of Rochester. Reccrds of research 
activities in the various laboratories and universities were main- 
tained through the radium of progress reports, copies of which are 
on file in the office of the District Medical Section. The organization 
of the Biologic and Health Physics Research Division is divided 
into various subgroups responsible to the Manhattan District. The 
subgroups are the University of Chicago, Clinton Laboratories, the 
University of Rochester, the University of California, the National 
Cancer Institute, Columbia University, the Biochemical Research Fcund- 
ation and the University of Washington. Costs for these programs 
are not available since they were lumped with costs of other types 
of research at the same institutions. 

6. Organization . - With the transfer of all OSRD contracts 
pertaining to the development of atomic power to the Manhattan 



District it became essential that a well qualified physician 
be procured to act in a staff capacity to the District Engineer. 
Dr. Stafford L. Warren was appointed in the capacity in March 
1943* The original table of organization for officer personnel 
for the Medical Section of the Manhattan District, with subsequent 
semi-annual revisions, is presented in this report. Qualifications 
of all officers appointed to the medical Section were carefully 
considered in every case. In order to commissi on certain civilian 
medical personnel and to make available material procurement 
facilities, assistance from the Surgeon General's Office was neces- 
sary and arrangements for such assistance were completed in September 
1943* These have functioned remarkably and appreciation for this 
service is extended to that office. 
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MANHATTAN DISTRICT BISTORT 
BOOK I - GENERAL 
VOLUME 7 . MEDICAL PROGRAM 
SECTION 1 - INTRODUCTION 
1-1. General. - The primary objective of the Manhattan District 
ins to develop and operate processes which would main possible the utili- 
sation of the tremendous energy available fron the splitting of uranium* 
Numerous unusual medical problems were encountered as a result of the 
unique nature of these operations. These difficulties developed, primari- 
ly, as a result of the fast that the basic materials were radioactive 
and little or no toxicity data concerning thorn us re available. 

1-2, The Objectives. - The objectives of the Manhattan District Med- 
ical Program were to facilitate the progress of the Project by safeguard- 
ing the health of the employees, not only from the ha sards inherent, in 
the peculiar nature of the District's operations, but also from the usual 
industrial medical hazards, and to provide the usual clinical and public 
health services required for the communities established at the plant 
sites (See App. Al). 
1-3* Scope. 

a. Research. - Investigation was required to determine what 

effect absorbed uranium and plutonium compounds would have cm the human 

b 

body; what effect absorbed products of uranium (fission products from the 
pile process) and radioactive pVoouots produced in the actual explosion 
of the uranium and plutonium bombs would have; and what hazards might be 
encountered from absorption of other materials developed for use by the 
District, In addition, although the dangers of work with radium were 



fairly well known, It was discovered that the knowledge concerning the 
maximum safe exposures to various radiations was not well-founded, and 
that considerable re search would be required to establish safe levels witii 
certainty. A natural corollary to these investigations, was research 
designed to establish early signs of toxic affects from these materials 
or from radiation, and to develop specific measures which would be use- 
ful for treating over-exposures* 

b. Industrial Hygiene ♦ - Appropriate programs of industrial 
hygiene had to be instituted in the plants and laboratories working with 
these unusual materials. Plant medical staffs had. to be provided with 
the information necessary to the intelligent performance of their duties, 
without compromising the security of the project. Research was required 
to devise means of estimating the degree of ha sard and exposure to which 
the employees were subjected. 

°* Clinical and Public; Health Programs. - In addition, at 
Oak Ridge and Hsnfbrd. the locations selected for the major operations, 
medical and dental, facilities were either unavailable or already overload- 
ed with patients* In consequence, it was necessary to provide the facil- 
ities and staff required to render adequate war-time medical and dental 
oare, to fulfill essential public health functions and the minimum vet- 
erinary service needed in the area. 

1-4. Author! gatlons. - Airt&ority to construct and operate the Med- 
. leal facilities of the Manhattan District is provided by the following! 
a» General. — 

(l) . Public Law Ho. 703, - 76th Congress, 3rd Session, 
approved 2 July 1940, which authorises the Secretary of War to provide 
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for the neoessary oon at ruction, rehabi litation, conversion, installation 
and operaticn of plant and buildings for development, manufacture, and 
storage of military equipment and supplies, and for shelter* 

(2) . Publio Law Ho. 554.,- ("First War Power 8 Aot") 77th 
Congress, 1st Session, approved 18 December 1941, which empowered the 
President with certain broad wartime authorities (See Book I, Vol* 1). 

(3) . Publio Law Ho. 580 . - 77th Congress, 2nd Session, 
approved 5 June 1942 which provided amendments to Publio Law No. 703 
above (See Book I ( Vol* 1). 

(4) . Executive Order Ho. 9001 . - dated 27 December 1941, 
which delegated to the War Department authority to enter into contracts 
under the "First War Powers Act" (See Book I, Vol. l) 

b. Specific. 

(1) . Report of 17 June 1942 to the President of the United 
States by Dr. T. Bush, Director of the Office of Scientific Ee search and 
Development and Dr. J. B. Conant, Chairman of the Rational Defense B»- . 
search Committee. This report presents the results of a study made to 
determine the advisability of carrying on what later became the Manhattan 
District Project, the consequences involved, and the results attained 
(See Book I, Vol. 1). 

(2) . Delegation of Authority under Executive Order Ho. 9001 . 

A memorandum dated 30 December 1941 from the Seo rotary of War to the Under 
Secretary of War, whereby the Under Seoretary is delegated the powers pre- 
viously delegated to the War Department by Executive Order No. 9001 (See 
Book I, Vol. 1). 

(3) . Delegation of Authority by the under Seoretary of War to 
Major General L. E. Groves. - A memorandum dated 17 April 1944, signed 
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^ by the Under Secretary of War, empowered Major General L. R. Groves to 

exercise contractual powers under Executive Order No* 9001, effective ' 
1 September 1942 (See Book I, Vol. l). 

(4) , Farther Delegation of Authority Under Executive Order 
Ho. 9001 . In a memorandum dated 10 June 1944, Major General L # TU Groves • 
delegated to the District Engineer, Manhattan District, authority to enter 
into contracts for the Manhattan Distriot (See Book I, Vol. l). 

(5) . Memorandum Dated 23 September 1942 . - The General Polioy 
Group designated by the President of the United States to determine gen- 
oral polieies of the project, in a conference on 25 September 1942 appointed 
a Military Polioy Committee to consider and plan military policy relating » 
to the projeot arid named Major General (then Brig. Gen.) L. fi. Groves to 
sit with the Committee as Executive Officer to carry out the polioies that 

^ may be determined (See Book I, Vol. l). 

1-5. Urgenoy . - The problems facing the Medioal Section were in- 
tensified by the immediate need for their solution. "When the medioal re- 
search programs were started, the materials to be studied were already in 
use at least on a laboratory scale, and^in some instances, on a plant 
scale. Similarly, throughout the course of Manhattan Distriot operations, 
the Medical research programs vera pressed to keep up with operations* 
Likewise, the Industrial Medioal Division at its inception/ was confronted 
with plants, and laboratories in operation on unfamiliar materials, and 
data oonoerning their toxicity were almost non-existent. Finally, in the 
sites at which it was necessary to provide medioal and dental care, staffs 
had to be procured and services instituted on very short notice. There 
was not time to experiment or shift personnel. Medical services had to 
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^ bo Inaugurated with the knowledge "that the quality of profeasional oare 

was exoellent and that its availability was adequate. 

1-6. Bf foots of Sacurl ty. - The neoessity of maintaining the se- 
curity of the Project/ was a major factor affeotlng the Diet riot 1 s medioal 
program. Interchange of information between related projects was re- 
stricted to the mini sob required for intelligent oonduot of the individ- 
ual operations* This fact alone was responsible for great difficult y in 
pre Tenting duplication of effort. Likewise, in the di ssesdnati on of data 
from medioal re sear oh to contractors, great oare was required to de- 
termine that the information reached only those individuals entitled to 
receive it. The physicians procured for medical service at Oak Ridge 
were commissioned in the Amy primarily in the interests of security, 
since it was planned originally for them to serve the plants as well as 
the rest of the community. Army medioal officers were selected also to 
insure that capable individuals were procured and kept on the job. 

1-7* Special Arrangements with Other Agenc ies. - Certain special 
arrangements had to be made to insure the cooperation of other agencies 
and to maintain security. 

*• Looa>l Medical and Dental Societies. - The local medical and 
dental societies at both Hanford and Oak Ridge were eonsulted and their 
approval obtained on the types of medioal and dental servioe being offered. 
In addition, fee sohedales were drawn up £n conformity with the prevail- 
ing rates of the communities. 

b« Procurement and Assignment Servioe. - Numerous negotiations 
were oonduoted with the Procurement and Assignment Servioe for Physicians, 
Dentists and Veterinarians. It was necessary that the national office and 
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certain looal offiees of this organisation be advised of the importance 
and urgency of the Manhattan Diatriot operations in order that procure- 
ment of physicians and dentists from civilian praotioe oould be facili- 
tated, and that retention of men in essential oivilian activities of the 
District oould be insured* The Procurement and Assignment Servioe was 
found to be most cooperative and helpful in the problems with i#iioh it 
at oanoerned (See App. B7). 

°* State Boards of Dental Ex aminers , - It -was impossible to 
procure a sufficient number of dentists licensed In Tennessee and Wash- 
ington to fulfill the needs of the bcimmml ties. In addition, licenses 
to practice dentistry in both Tennessee and Washington are granted only 
by examination and there is no provision in the law for temporary licensure, 
Therefore, arrangements were made with the State Boards of Dental Examiners 
In these states to permit dentists to work on "the project until each time 

i 

as they could be spared to take the examination for lioenaure. 

d. State Boards of Medical Examiners . - The arrangement made 
with the State Boards of Medical Examiners in Tennessee and Washington re- 
quired that oivilian physicians obtain licenses by examination or reci- 
procity with the least possible delay after reporting for work* 

e« Universities, Medical Sohools, Biologic Institutes, - 
Negotiations were continually carried on with these organisations to aid 
in procurement of personnel and to make available special services and 
equipment ■ 
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SECTION 2 - HAZARDS OF OPERATION 
2-1, Normal Industrial Hazards. - Medical hazards identical with 
those in large oonstruotion programs, with those incurred in ohendcal 
plants, and with those Involved in the use of high voltage electrical 
equipment, were present in the operations of the Manhattan District, 
Since these activities were exceedingly varied and were carried on in 
a large number of different plants, the degree and type of hazard varied 
greatly from plaoe to place, and from time to time. These .risks did not 
cause any special concern* the contractors * medical staffs were well qual- 
ified and equipped to' deal with problems of the toxicity of well known 
chemioals, and to handle industrial aooidents. The Safety Section of 
the Manhattan District aided materially the contractors' safety groups in 
acoident prevention, and in. establishing safe-handling practices (See 
Book I,. Vol. 11 - "Safety Program") , 
2-2. Hazards of Radioactivity. 

a. General, - The chief problem confronting the Medical Section 
was the proper evaluation of the radioactivity of the basic materials as 
industrial hazards. The importance of proper evaluation of these hazards 
was given impetus by the memory of the dire oonsequenoes of improper pre- 
cautions in the radium dial painting industry as evidenced by the cases of 
radium poisoning which occurred after the last war. The memory of this 
tragedy was very vivid in the minds of people, and the thoughts of poten- 

t s 

tial dangers of working in areas where radiation hazards existed were 
intensified tie cause -the deleterious effects of radiation oould not be 
seen or felt and the results of over-exposure might not beoome apparent 
for long periods after such exposure. It was necessary, therefore, to 
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{ obtain accurate positive information for the use of contractors' medical 

staffs on the toxic effects of radiation and radioactive materials, to 
provide methods for estimating hazards, and, -whenever possible, to recom- 
mend prophylactic measures against over-exposure* 

b. Radioactivity. - First, let as consider the radioactive 
elements which are enoounte red in the operations of the Manhattan Dis- 
trict. These elements- emit alpha and beta partioles and gamma rays 
Neutrons should also be considered but they are produced only under speoial 
conditions* 

(1) • Al p ha particles are electrically charged miolei 
* 

of helium atoms. They are projected from certain radioactive substances 

t 

with great energy bu^ travel only a relatively short distance in air and 
are stopped by extremely thin layers of solids. When alpha particles 
^ strike human skin they are stopped in the outer dead layer of cell a, and 

therefore are inoapable of causing damage. , 

A 

(2) . Beta partioles are electrons which are projected 

by certain radioactive substances with greater velocity than alpha part- 
ioles, and these partioles are more penetrating than alpha partioles* 
They are capable of injuring human skin because they penetrate to the 
vital growing layers. However, the skin has marked recuperative power* 
and a certain amount of beta radiation may be received daily, year after 
year, without damage occurring. Since beta partioles are stopped in the 
skin, they are inoapable of directly producing systemic effeots so long 
as the partioles arise from an external source (outside the body)* 

(3) • gamma rays may arise from radium and other radio- 
active substances and are eleotro- magnetic waves which have great pen- 
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'y etratlng power* Gamma rays can pass camp lately through a human body. ^ 

They can be stopped by lead and other elements of high atomic number* 
Since gamma rays and x-rays oan pass completely through, the body, over- 
exposures af feot primarily the most sensitive tissues* Continued over- 
exposure results in damage to the blood forming organs (principally the 
bona marrow) and the reproductive cells (testes and ovaries)* In the 
ease of gamma and x-rays, as with beta particles, a certain amount of expo- 
sure may be inourred day after day and year after year without harmful 
effeot* 

(4) • Seutrons are particles which have no ele otrlo charge. 
They arise from the nuclei of atoms under proper conditions. The in- 
strument most commonly used heretofore to produce neutrons is the cyclotron. 
Neutrons like gamma rays oan penetrate the entire body, and the effects 
of over-exposure are identical with those of gamma rays. However, the 
biological effects resulting from ioni nation by fast neutrons are ap- 
proximately three times as great- as those produced by the same amount of 
gamma rays* 



°* Sadioaotive Substances , - Secondly^ work with radio- 

-'- 11 ——————— 

active substances presents certain problems in addition to the external 
radiation which was discussed above* These radioactive substances may 
be inadvertently introduced into tiie body by inhalation and ingestion 
and skin absorption and thus deposited in the body tissues* Once de- 
posited, alpha, beta, or gamma radiation may produce untoward effects 
on the tissues* Also, concentrations of some of these substances which 
have a relatively low radioactivity may prodaoe toxic effects on the body 
from a chemical standpoint. The important toxic radioactive elements a ret 
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(1). Ba-dltna. - The toxlo effects of absorbed radium were 
nell known. Only a fraction (perhaps 10 per oent) of the absorbed mater-' 
ial is deposited, but the bulk of that fraction enters the bone. Khen an 
excessive, amount is deposited, the unfortunate individual, after a number 
of years, nay cease to produce blood 00 lis (alpastio anemia) and succumb. 
In some instances, necrosis (rotting of the bone) also has occurred. In 
a few oases bone cancers and a condition known as leukemia (an over- 
production of white blood calls), also a fatal process, have ooourred. 

Fortunately, sufficient data have been accumulated on radium to es- 
tablish the maximum allowable dosage, which produces no significant bio- 
logical effect. In addition, relatively easy, aoourate methods are avail- 
able for determining the amount of radium in the body, providing a posi- 
tive control for workmen exposed to the substance. (One method measures the 
radon gas formed from radium, which is excreted in the breath; the other 
method depends upon the radioactivity in an individual' a body as a result 
of the radium deposited.) 

The fact that these data were available on radium was exceedingly 
useful to the Medical Section, for. by oonparing the relative energies of 
other substances with radium, it was possible to estimate "maximum 
allowable storage" which could be permitted without danger to the in- 
dividual, 

(2) . Badon. - This sub stance is a gas and is produced . 
when a radium atom breaks up with the ejection of an alpha particle. 
Badon, like its parent element radiuj is radioactive and -is capable of em- 
itting alpha particles. The daughter produots of radon emit beta particle! 
and gamma rays, so that all three types of radiation are present, since 
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^ there are usually daughter elements in equilibrium with radon. If this 

gas is inhaled in a sufficient oonoerrt ration and for a suffioiently long 
period, the lungs may be damaged by the alpha radiation* 

(5) . Polonium* - It is known that radium spontaneously 
disintegrates and new substances are formed whioh in turn deoay until the 
final stable residue of lead is reached. Polonium is a deoay product of 
radium and is one of the substanoes whioh emit alpha particles and yet 
have no radioactive deoay products. It .has been shown that when polonium 
is injected into rats, it is deposited in the greatest quantity in the 
kidneys and in smaller quantities in the spleen, in the testes ( reproductive 
organs) and in the bones. If enough polonium is injected, death will en- 
sue due to toxic damage of these vital tissues* 

(4) • Plutonium* - The "Pile Process" transforms Uranium 258 
^ into plutonium, -which has an atomio weight of 239 and an atomic number of 

94* This transformation is accompli ahed by bombarding TJ-238 with neutrons 
in a manner described later in this report (See Par* 3-12, b). The 
potential ha sard involved in the handling of plutonium is probably quite 
similar 'to radium* This substance, like radium, shows a predilection for 
deposition in the bony tissues with the attendant effects outlined under 
radium* There are, however, some important differences* Plutonium is 
approximately one-tenth as toxic as radium when it is permanently stored 
in the bone. The rate of elimination of absorbed plutonium is less rapid 
than that of radium, and, therefore, a larger proportion of absorbed 
plutonium tends to become permanently stored than in the case of radium. 

(6)* Fission Produots * - In the industrial production of 
plutonium and in the atomio disintegration of plutonium or T7236 many 
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^ radioactive substanoes are produced. These substanaei are known as 

fission products and intensive research work on animals has revealed 
that these fission produots an potentially toxio agents because of their 
radioactivity. 

(6) . Uranium * - In addition to its radioactive properties, 
uranium has been known for many years to be a sab stance capable of pro- 
ducing damage to the kidneys, and has been used frequently to produce a 
type of experimental nephritis in animals similar to that produced by 
mercury. Studies on such uranium nephritis in dogs have proved Invaluable 
in the control and treatment of the later stages of human nephritis in 
which large amounts of protein are lost in the urine* Industrially, uranium 
compounds have been produoed on a limited scale as coloring matter for the 
ceramics industry! and also have been encountered as a by-pro duot in the 
refining of pitch-blende ore to produce radium* Conferences with physicians 
who had medieal supervision over persons working with uranium, indicated 
that toxio effeots had not been observed by them (See App* B2), However, 
the Manhattan District operations involving uranium were on a far larger 
scale than any previously carried on, and water soluble compounds (which 
might be absorbed much more readily) were used. Consequently, it was con- 
sidered possible for workmen to develop irritation of the kidneys if ex- 
cessive exposures to uranium were encountered, and also, although consider- 
ably more remote, to store sufficient uranium to have toxic effeots from the 
radi oact ivity of the material* 

2-3. Chemical Haeards . - There were a number of ohemloal substances 
used in the industrial operations of the Manhattan pi at riot which wore not 
of a radioactive nature* Some of these substances were well known industrial- 
ly; others were entirely new* Some of the well known chemicals, however. 
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( were used on a much larger scale than ever before. Some of the Bore im- 

portant substances will be commented upon briefly, 
a. Gases. 

(1) • Floor! ne and Hydrogen Fluoride. . Hydrogen fluoride 
or hydro fluorio aoid has been widely used industrially. Fluorine, on 
the other hand, was a laboratory curiosity.. Both were used by the Man- 
hattan D 1st riot on a large scale in the preparation of special compounds 
of uranium and in the preparation of a series. of special lubricant com- 
pounds, known as the fluo ro carbons, which will be discussed later (See 
Par 2-3, b (l)). The hazard from fluorine is primarily that of a chemical 
burn, whioh can produce death with sufficient exposure. The haiard from 
hydrogen fluoride is the marked oorrosiTe effect the aoid has on body 
tissues. This is particularly insidious because there is a latent period 

- before there is perception of pain. It is stated that 50 parts of hydro- 

gen fluoride per million parts of air will be extremely dangerous if in- 
haled for an extended period of time. 

( 2) . Phosgene. - This is a well known poison gas whioh was 
used during World War I, and in the Manhattan District industrial opera- 
ti on s ooours as a side-product in the preparation of special uranium 
tetrachloride. Phosgene produces a devastating effect on lung tissue 

if inhaled in toxic concentrations. It is estimated that if a person 
should be placed in an atmosphere whioh contains one part of phosgene in 
10,000 parts of air for two minutes, death would ensue. 

(3) . Carbon Monoxide . - This industrial ha sard occurs to a 
very limited extent in some of the prooesses. However, control of other 
toxio elements by ventilation aooomplishes control of this gas as well* 
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Hence as a special speoiflo hazard no control measures are directed to-ward 
it. 

b. Liquids. 

(1) • Flnorooarbons . - These compounds are composed of 
..fluorine and carbon and are primarily used as lubrioants and coolants by 
the Manhattan District, These compounds (C 7 F lg C q^iq C gl F^) were 
found to be moderately toxio to animals upon inhalation, but some of the 
intermediate products formed in the production of these compounds 'were 
found to be toxio to animals in concentrations -varying from 70-500 parts 
per million parts of air. The animals exposed to toxio concent rati ons of 
these intermediate products of the fluorooarbons died apparently as a 
result of respiratory failure. 

( 2) . Triohlorethylene . - This substanoe is primarily used 
as a grease solvent in the Manhattan District. Triohlorethylene is classi- 
fied as a narcotic poison and chronic intoxication supposedly produces a 
damaging effect upon the central nervous system. 

c. Solids . 

(1) . Metallic Beryllium . - This sab stance has been used in 
industry and is capable of producing marked damage to lung tissue if inhaled 
as a dust. Enough information about the causes and prevention of beryl- 
lium poisoning was available so that no research work was carried out with 
this substance. 

(2) . Metallic Cadmium. - This substance is used by the Man- 
hattan District because of its efficiency as a neutron absorber. A few- 
fatalities as a result of over-exposure to cadmium, in industrial operations 
other than Manhattan District, have been reported previously. Safety pro- 
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( oedures were set by the Manhattan District so that the hazard from cad- 

mium was only of a vary minor nature • 

(3) . Metallic Nickel . - This substance is known as a hazard 
in industry primarily beoause of its potentiality as a skin irritant* 
With this substance also, safety procedures -ware so set, up by the Man- 
hattan District that the hazard from niokel '■as only of a very minor nature. 

2-4. Toleranoe Levels for Various Hazardous Materials. 

" ' "" ■ ■ ■ " ■ —I — — " ■ ■ ■ - ■ ■ ■ — 

a. General . - The materials discussed above were used on a 
vast industrial scale by trie Manhattan District and many people ware en- 
gaged in this work. It ms obviously imperative, therefore, to learn about 
the degree and nature of the toxioity of these substances so that a de- 
finite industrial hazard policy could be established whioh would insure a 
maximum factor of safety to the people working with these substances. De- 

* - finite values for the maximum allowable exposures or tolerance to these 

( • 

materials had to be established to facilitate efficient over-all operation. 
(The terms "maximum allowable exposure or concentration" or "toleranoe" 
will be used interchangeably in this discussion and the tern "tolerance" 
in this oase will not refer to the definition proposed in pharmacological 
texts.) The radioactivity of these potentially toxic substances was 
therefore thoroughly investigated, their ehemioal properties were studied 
and the effects of these various toxic agents were evaluated in carefully 
controlled animal experiments. It mis as a result of 'this orientation 
program that the degree of toxioity of these substanoes for the various 
animal speoies was arrived at. Toxicity in man was estimated from suoh 
data and from previously established toxloologlcal information, and arbi- 
trary toleranoe values were introduced whioh would offer a maximum faotor 
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of safety to the employee a of the Manhattan District engaged in industrial 
operation and research work. 

The following is a brief outline of the arbitrary tolerance values 

* » 

which were established. These values, especially those pertaining to the 
radloaotive materials for which meagre background data were available, 
were subject to oonstant checks and re visions as more information was 
gathered through research and experience. 

b. Tolerance Levels for Various Types of Radiation. 

(1) . Total Body Irradiation . - The probable safe level for 
exposure to radiation for a person employed over an indefinite period was , 
set at 0.1 roentgen units of gamma or beta particle radiation in any twenty- 
four hour period. This value was established by the IT. S. Bureau of Stand- 
ards in 1937 and was adopted by the Manhattan District (See App. Bl). 

(The roentgen is used as a measure of radiation and is defined as a 
quantity of x-ray or gamma radiation such that the associated corpuscular 
emission, for one cubic centimeter (0.001293 grams) of air, produoes in 
that air ione carrying one electrostatic unit of electricity of either sign.) 

(2) • Alpha Radiation. - The tolerance value for alpha part- 
iole radiation from an alpha emitting substance capable of being deposit- 
ed in body tissue was established as 0.025 roentgens (physical equivalent) 
per twenty- four hour day. 

(3) . Beta fttdiation . - The safe limit of beta radiation 
for the body as a whole has been set at 0.1 roentgen per twenty-four hour 
day, and the figure set for beta radiation on the hands only has been 
established at 0.5 roentgen units per twenty-four hour day* 

(4) . Heutron Radiation. - The biological ef feats resulting 
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from fast neutrons has been shown by experiments to be from two or ten • 

times as great as that of the same amount of radiation produoed by x-ray* 

or 

For ionization in body tissue, a faotor of 3^4 is probably ample as meas- 
ured in roentgen equivalent physical, and 0.925 roentgens (physioal 
equivalent) per twenty- four hours might be taken as a toleranoe dose* 

(5)* X-rays or Gamma Hays* - The national Bureau of 
Standards, aoting upon the advice of the Advisory Committee on X-ray and 
Radium Protection, has established the toleranoe dose for x or gamma rays 
of 0*1 roentgens per twenty-four hours* The committee re commanded the 
toleranoe dose of 0*1 roentgen per day as provisional, and it is advisable 
to apply generous safety factors to prevent exposure even at this level* 
For this reason, it has been deemed advisable to build in protective 
measures in fixed installations so as to have the intensity such that the 
operating personnel working on 8 hour day get no more than 0*1 roentgen 
in any twenty- four hour day, giving a safety faotor of 5 in this oase* 

o. Tolerance Concentrations for Radioaotive Substances in. Air * 

(1) * Radon* - The toleranoe level of radon in air has 
been established as 10" 10 ouries per liter of air* (curie is a unit of 
radium emanation from, or the amount of radon equivalent to, .one gram of 
radium.) This value was based on the Hew York State Code for Radium Dial 
Painters established in 1939. This limit represents one-tenth of the ex- 
posure that was thought to have produoed harmful effects on people working 
in the mines of Chechoslovakia (See App. Bl), 

(2) « Polonium * - The maximum allowable concent rati on of 

this material has not been definitely established but a provisional level 
-4 

of 5 x 10 micrograms per cubic meter in air has been set. This figure 
was arrived at after extensive animal experimentation* 
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(3) . Plutonium. - A tolerance limit of 5*5x10 curies of 
Plutonium per liter of air was used for the Manhattan District, Thi-s figure 
ms based on extensive computation and comparison with radium and other 

sub stance a which emit alpha particles. The maximum allowable air oonoen— 
t ration has not been clearly established 

(4) * Fission Products, - It is very difficult to establish 
tolerance values for these substanoes, but an arbitrary value for the 
mixed fission products has been set at one' to ten microouries per cubic 
meter of air, (One micro curie is equal to one millionth of a ourle,) 

(5) , Uranium, - The tolerance value for uranium -which -was 
accepted for the Manhattan District industrial operations has been set at 
150 micrograms per cubic meter of air. This is also the tolerance value 
arbitrarily established for lead by the United States Public Health Service. 
No conclusive data was available on the toxicity of uranium prior to the 
start of the Manhattan District, and Hie above mentioned tolerance level 
was, on the best authority, applied to uranium pending the procurement of 
further data through research and experience, 

d * Tolerance Levels of Radioactive Material in Body Tissues , - 
It is obvious -$iat people working with these radioactive 
substances would Inadvertently ingest and inhale these substances to some 
degree. It was necessary, therefore, as an additional precautionary 
measure,- to monitor the personnel to main certain that they had not aocumu- 
lated more than the maximum allowable concentration of these substances is 
their body tissues. Tolerance levels for absorbed quantities of these radio- 
active materials were therefore derived from animal experimentation and 
trapolation from these values to man and also from previously reported . 
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experimental work fbund in the literature. The toleranoe levels establish- 
ed for these substances arei 

(1) . Radium. - A toleranoe limit of 0.1 microgram of 
radium stored in the body as established by the TJ. S. Public Health 
Service in 1941 was adopted by the Manhattan District (See App. B l)« 

( 2) . Polonium. - A toleranoe limit of .15 micrograms 

of polonium stored in the body was established as a result of animal ex- 
perimentation and a comparison of the radioactive energy of this compound 
■with radium* 

(3) . Plutonium . - The toleranoe value for plutonium (l.O 
micrograms stored) was derived in a manner similar to that of polonium. 

It is established that plutonium is about l/lO as toxio as radium when de- 
posited in the body. 

(4) . Fission Products. - Toleranoe levels for fission 
products deposited in tissue have not been established experimental ly, 
out it is possible to calculate the maximum allowable concentration by 
converting available data on x-rays, gamma rays, and alpha radiation from 
radium into comparable energy limits taking into consideration the dis- 
tribution of the individual fission products after absorption. 

e. Toleranoe Levels o f Radioaotive Substances In Urine. - 
Sinoe it Is obviously impossible to analyse human tissues for the amount 
of radioaotive substances present, indirect methods had to be employed to 
estimate the probable amounts of inese sub stance s which were present in 
body tissue. It is known that radioaotive materials are excreted in the 
urine. A toleranoe value for urinary excretion has been established only 
in the case of polonium. The urinary excretion toleranoe value for the 
other radioaotive materials are still under investigation, and no definite 
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figures have been established. The tolerance value for urinary excretion 
of polonium has been set at 5,000 disintegrations per minute in the total 
urine excreted per day. (The use of disintegrations per unit of time is a 
method for determining very small amounts of radioactive substances. Each ■ 
disintegration is due to the radioactive disruption of an atom and the 
number of disintegrations per unit of time is a relative measure of the 
amount of total radioactive material present*)' 

f • Tolerance Levels In Air for Chemioal Hazards. - There are 
a number of sobstanoes which are important as industrial hazards in the 
operation of the Manhattan District, but their potential danger is in the 
form of chemioal toxicity. The tolerance values for these substanoee -will' 
be mentioned briefly. 

(1) . Gases: Maximum Allowable Concentration 

(a) . F2£ju^ine 1 part per million parts of airj 

as established by application of 
(_ data gained on exposure of animals 

to controlled atano spheres of this 

(b) • Hydrogen Fluoride 

3 parts- per f million parts of air, 
the level set by the American 
Standards Association and adopted 
.by the Manhattan District. 
g^S? / (o). Phosgene 

1 part per million parts of air, 
the level set by the Chemioal, 
Warfare Service as a safe concen- 
tration for troops. 

(2) . Liquids; 

(a). Fin oro carbon a: The tolerance le vols for these sub- 
stances (C 7 F]£^ C 8 F 16 C 21 F 44^ were established after a series of animal 
experiments. The term fore shot is used to designate the fraction of a 
substance on which fractional distillation passes through the column first 
(low boiling point) prior to the collection of the desired material. Crude 
refers to the material after chemioal preparation but before distillation 




(Par. 2-4f (2)) 



has taken place. Some of the available tolerance -values established are 
listed belowt 

250 parts per million parts of air 
CgF^g-2 Fore shot 70 parts per million parts of air 
C Q F 16 -2 300 ■ ■ ■ ■ ■ ■ 

C 8 F 16" Cn>d * 50 " " " " « ■ 

C 7 F 16 Foreshot 100 " " « ■ « « 

(b) • T rl ohlo rothylene . - The niaxtimm allowable oonoentration 
for this substance has been established. by the State of Massachusetts as 
200 parts per million parts of alr ( and this figure has been adopted by 
the Manhattan District. 

(o)« Chloroform and Carbon Tetrachloride . - Thie maximum 

have 

allowable concentrations of these sub stance a fcae^been set at SOO parts 
per million parts of air. This figure has been adopted by the Manhattan 
District. 

(3). Metals . 

(a) . Beryllium. - So tolerance -value has been set for this 
substance, but the existing information on the causes and prevention of 
poisoning in the manufacture of beryllium is quite adequate from a prac- 
tical standpoint. Beryllium is controlled by the prevention of inhala- 
tion exposure to fumes during processing. Should exposure occur with the 
appearance of an initial shortness of breath, removal of the individual for 
a period of several months will effect oamplete cure* 

(b) . Cadmium. - The toleranoe level for this material 

has been set as 1 mgm. of cadmium' per -ten cubic meters of air* This is the 
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conoe nt ration on oadmlum as set by the American Standard 8 Association and 

\ 

adopted by the District. 

2-^* Methods and Instruments for Estimating Hasards . - 

a. v General. - it was obviously imperative to have methods 
and proper instruments to evaluate the degree of hazard involved in work- 
ing with these potentially toxic materials." As a result of intensive 
research, suoh methods and instruments were developed and oonatrttoted. 

b. Badloaotlvlty . - First, the methods and instruments 
developed for the evaluation of radioactivity suoh as alpha, beta* gamma, 
or x-ray, and neutron radiation will be considered. Three general types 
of instruments are used in survey and monitoring work with radioactive 
emanations. These are t 

(l) , Counter Instrument a. These instruments count indi- 
vidual part idea emitted by- a radioaotive element (See App. C l), 
( (2). Eleotrostatlo Indicators . - This type of instrument 

^ ^ does not respond to the individual radioaotive partioles but averages or 

integrates the effects of the total number of partioles by the charge pro- 
duced by ionising a fixed volume of air (See App. C 2). 

(3). Vacuum Tube Electrometer. - This type of instrument 
is similar to the Eleotrostatlo Indi oators but the ourront produced by 
ionl cation in a fixed volume of air is amplified and Indicated on a meter* 
(See App. C 3). 

o. Monitoring methods . - Five speoial monitoring methods idiioh 

measure the degree of radiation received by each individual should be 

mentioned. The first three methods are meohanieal devices whioh measure 

the total degree of radiation to whioh a person is exposed. These) arei 

« 

( v (!)• Film Badges. - For determining the amount of radla- 
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tion received by a person in a given period of time, a speoial badge 
containing x-ray film is worn* These films are developed, and by measure- 
ment of calibration curves the total radiation received over a given period 
is determined (See App. ft 4), 

(2) • Penoil Chambers , - These instruments are small 
pooka t meters in the form of a penoil or pen and are worn in a pocket and 
measure the degree of radiation received by a person over a given period _ 
of time (See App* C 5), Prior to use, the quarts fibre enclosed in the 
ohamber is given a calibrated electrical charge which it retains in- 
definitely. However, on exposure to gamma and x-rays the ionisation so 
inducted oauses a discharge of this charge on the fibre directly propor- 
tional to the amount of radiation received, and can be measured in a variety 
of teohnioal manners. 

(3) . Finger Rings . - To determine the amount of radia- 
tion received by the hands of the employees in speoifio operations involv- 
ing possible exposure to beta rays, finger rings with x-ray film inserts 
are used. These films are developed and calibrated to indicate radiation 
received, in a given period of. time (See App. C 6). 

The other two methods utilise early changes in the human 
body when there has been exposure to radioactive materials. These ares 

(4) • Fingerprints. - Through researoh activity, it was 
determined -that one of the earliest indications of damage to the hands of 
persons handling radioactive materials was a noticeable change in the 
finger-print ridges. In order to take advantage of this early sign of radia- 
tion damage, a program of securing periodio wax impressions of exposed ' 
employees' fingers was established (See App. C 7). 
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\ (5) . Blood Count a . - It his been definitely established 

that blood-fprming organs (bone narrow) are sensitive to radiation, and 
their function is easily deranged by over-exposure to radioactive mater- 
ial. This is re fleeted when the blood eells in the peripheral blood are 

oounted.and examined* Frequent periodio blood counts were therefore taken 

i 

on all employees engaged in work with radioactive materials* This pro- 
oedure served as a valuable early means of warning when any person might 
be getting more than the maximum allowable exposure to radioactive 
materials* 

d* fia,dioaotive Dost Monitoring* - It was essential, also, to 
establish monitoring methods for radioaotive dust measurements on uranium, . 
plutonium, and polonium. The amount of radioaotive dust in the air is 
determined by a Mine Safety Appliance Company Standard Eleotrostatio 
Q I|H^>ipitator or a devioe of similar design* A volume of air is drawn 

through the precipitator and the dust is electrically precipitated on a 
metal foil* The activity of the preoipitate is ttien determined by a Der- 
schen eleotrometer or other radiation measuring devioe (App. 6 8)* 

TTrine and Breath Samples * - As was pointed out previously, 
the people engaged in work with the radioaotive materials will inadvertent- 
ly ingest and inhale these substances in spite of all careful precautions* 
It was therefore essential to keep careful surveillance at periodio inter- 
' vals of the people engaged in this work* This was accomplished in the 
following manner t 

(1) . Urine* - It is well known that the radioaotive mater- 
ials such as uranium, plutonium, and polonium, are excreted in the urine, 
and by measuring the radioactivity of tho_ur^e fc and by speoial ealoula- 
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tions, a rough approximation of the amount of radioactive material ab- , 
sorted and stored in the body tissues oan be derived* It should also 
be pointed out that early ohemioal toxicity of uranium oan be detected 
by periodic examinations of the urine* As was shown previously, uranium 
and its compounds are a potential nephrotoxic (kidney damaging) agent, 
and the damage done to the kidneys will be reflected in the urine excreted* 
Likewise fluorine is excreted in excessive amounts after exposure to the gas or 
to fluorine compounds* The periodic urine e -rami nations of all persons 
exposed to uranium and its compounds as well as fluorine and its compounds 
was therefore incorporated as part of the Manhattan District safety pro- 
gram. 

(2) . Breath Samples * - The exhaled air of workmen en- 
gaged in work with radium will contain a portion of this radioactive 
material as the gas, radon* Samples of this exhaled air are collected in 
evacuated containers* By measuring the radioaotivity of these air samples 
the approximate amount of radium, deposited in the body may be calculated* 

2-6. Instruments and Methods for Cheadoal Hazard Monitoring* - 
Lastly, the methods and instruments used for estimating the hazards due to 
substances which- are dangerous beoause of their potential chemical 
toxicity should be mentioned* 

a. Fluorine Deteotlon * - To ascertain the presence of fluo- 
rine and hydrogen fluoride in air which is breathed, a "Fluoride Detector" 
is used (App. C 9). This instrument consists of a vacuum pump equipped 
with dye- impregnated filter paper. As air is pulled through the filter, a 
quantitative indication of fluorine content is given by change in color 
of the filter paper. 

C b. t Phosgene Deteotlon . - The human sense of smell is the best 
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method for phosgene detection but the M-9, the Standard Chemical Warfare 
Kit for Detection of Toxio Cases, is employed in all operations -where 
there is a possibility of hazardous phosgene concentrations (App* C 10) • 
The principle of the kit is -similar to that method for fluorine detection 
described above* In plaoe of filter paper used above, a colloidal gel 
is employed which ohanges oolor if phosgene is present in the air* 
o. Solvent Detection, - The Halide Lamp is used for the 
detection of hazardous concentrations of such agents as t ri ohlo rethylene 
and such materials as fluorine, chlorine, and bromine (App. C 11), 

2-7. Conclusion. - It was through a thorough and complete under- 
standing of the hazards of operations with the materials discussed, the 
possession of proper instruments, and estimation of the degree of hazard 
that the Manhattan District was able to provide a maximum factor of 
safety to its employees* 
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SECTION 3 - IikUdl'KlAl ..£DlCIi&, 

3-1. General . - The Division of Industrial Medicine of the 
Medical Section was formed to aid kanhattan District contractors in 
establishing programs of industrial hygiene appropriate for the 
peculiar hazards encountered. This Division, acting in a staff 
capacity through the Area Engineers, recommended schedules cf phys- 
ical and laboratory examinations of employees, recommended measures 
to determine the amount of toxic substances and radiation present in 
plant operations, and reviewed the results cf these procedures to as- 
certain r.hether or not changes in the process cr v.ork routine would 
be required to protect the njoivmen. In adiiticn, the Division was re- 
sponsible for transmitting useful ini'onasticn frca the .Medic Jil re- 
search prorraas to the aontractors, and "for" making the needs of the 
industrial concerns known to the research groups. 

3-2. Scope of Activities . - The medical programs recommended 
were varied in scope depending upon the type of hazard present. Ex- 
tent of supervision varied from" occasional cursory inspection, to 
full-time assignment of a medical officer to the operation. In gen- 
eral, close supervision was extended to those projects in which the 
Government was financially responsible for all costs of the operation. 
Those contractors who were performing their usual work received regu- 
larly only casual supervision, but the complete facilities of the 
Division were available on request. 

3-3- Industrial Hygiene Laboratory . - A laboratory, equipped 
to perform the special and unusual analyses necessary to control the 
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^ occupational hazards of District operations, wus instituted at the 

University of Rochester and supervised by the Division of Industrial 
iiadicine (See Par. 5-8 d). Included in its activities were dust 
counts for radioactive material, air analyses for radon, film moni- 
toring (use of x-ray film to measure radiation), analyses of urine 
for uranium and fluorine, and radiation measurements by instruments . 

3-4. " Relationship to Other Health-Physics Groups . - The Divi- 
sion of Industrial Medicine was responsible for medical supervision 
of all District contractors operating on cost-plus-fixed-fee con- 
tracts. However, all of the concerns listed below were under the 
Lwuediate supervision of Dr. Robert S. Stone and his associates in 
the health program of the Letallurgical Laboratory. The Chief of 
the Medical Section personally determined that the activities of 
this group were appropriate. The concerns listed are: 
t ****-- i a. Metallurgical Laboratory, University of Chicago 

b. Clinton Laboratories (University of Chicago) 

c. Hanford Engineer Works (du Pont) 

d. Other subcontractors of the University of Chicago and 
of du Pont doing work related to Hanford Engineer Sorks. 

3-5. Hew York Safety Committee '. - A committee was formed by 
engineers of the Kellex Corporation, assisted by a radical officer 
from the Industrial Division, to write a series of bulletins con- 
taining approved safe-handling methods and first-aid procedures for 
work with fluorine, uranium hexafluoride, hydrofluoric acid, tri- 
chlorethylene, and other agents used in cleaning procedures (See 
App. B 3). These .manuals v. ere written originally for the use of 
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V ' employees of Kellex and its subcontractors, but in time became 

standard 'reference works for District operations using these sub- 
stances. 

3-6.' Organization . - The functions of this Division were 
originally carried on by Lt. Col. H. L. Friedell. The responsi- 
bilities were delegated to Major John L. Ferry during May 1943. 
liajor Ferry was assisted by Lt. R. A. Tybout, who supervised the 
industrial hygiene laboratory; by Captain Joe N. Howland, who super- 
vised the contracts of the Madison Square and New York Areas, from 
1 July 1944 to 15 Karch 1945, and was replaced 15 March 1945 by 
Captain Burtis J. Hears; by Captain Fred Bryan who became Assistant 
Division Head 15 liarch 1945; by Captain B. S. .liolf, liaison officer 
and' roentgenologist forthe electromagnetic process (l August 1944 
( to 1 April 1945), who later was operations medical consultant to the 

polonium production plant; by Captain B. M. Brundage, liaison, of- 
ficer for the gas and thermal diffusion processes; and by Captain 
L. Jaffe and Lt. E. D. Frank, liaison officer and roentgenologist 
respectively at the electromagnetic process plant, following reas- 
signment of Captain tfblf (App. C 12). . During the first six months 
of 1946, there were many changes in personnel of the Industrial 
Medical Section. This resulted from both army discharges and Operation 
Crossroads. By June 30, 1946, Capt. B. S. Wolf was in charge of 
Industrial ifiedicine for the Dayton and New York Areas and Capt. 
William R. Clarkson, reassigned from the Oak Ridge Hospital Staff, to 
supervise industrial Kedicine in Oak Ridge. 
I, 3-7. Uranium Processing and Special Chemicals . 
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\ a. General . - As physical research on the Various methods 

of separation of uranium 235 progressed, it became necessary to expand 
the program of procurement of ore and processing materials at an 
exceedingly^ rapid rate. No longer could the small, limited supply 
organizations engaged in manufacture of the various salts and oxides 
produce adequate amounts of material to meet even the most limited 
scientific needs. Hence the establishment of a procurement facility 
was imperative, to coordinate and anticipate the needs of the experi- 
mental laboratories; to extend various types of processing research; 
j^Pjlf and to construct improved processing and pilot plants of various types 

for specific phases of the work, in addition supplying standard 
... i * • 

materials for use of the District. The Madison Square Area was estab- 
lished to serve such a purpose. Its operations are described in 
( Book VII - Feed Materials, 

■^ri* Medical work carried out in this phase of the program con- 

cerned itself only with the hazards which might be incurred because 1 
of exposure to uranium and its various compounds, from crude ore to 
the finished product, plus the new special materials such as fluorine 
and the fluorocarbons which were to be used in various steps of the 
processes. Medical programs were initiated in all areas, the scope 
and extent of such programs depending on the type of hazard present. 
In many plants where the operations involved constituted those with 
which the management was familiar from long experience, only cursory 
supervision was extended. The Medical Section did not interfere with 
the normal industrial hygiene programs of such installations but 
served in an advisory capacity only. Because of the need. for security 
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in all operations the 1'edict.l anc Safet. Jep argents of the various 
plants could not be sufficiently well informed ;.n the special hazards 
due to these compounds. Hence constant liaison between Medical and 
Safety Sections was encouraged. Their coordinated efforts resulted 
in efficient protection of the workers with the least possible inter- 
ference with the plant production. 

b. Uranium Processing and its Hazards . 
(1) The Crude Ore . 

(a) Process . - Uranium exists in its natural 
state in the chemical form of the black oxide (^Og), conbined with 
a variety of other substances such as silicon and the like. The con- 
centration of this oxide varies f roc: fifty to eighty per cent in the 
very rich ores (for example, African pitchblende) to only trace amounts 
found in earths almost universally. However, the ores used by the 
District in processing were- of the highest uranium content available 
and ranged from about two per cent to approximately eighty per cent 
in content. When uranium exists in its natural state it is always 
accompanied by its daughter in the radioactive series, radium. There- 
fore, in addition to the hazard present from the uranium, handling of ' 
ore subjects the worker to radium as well.' 

(b) Contractors. - Uranium ore was handled in 
the following installations in the United States: (Net included was 
the El Dorado site in Canada) 

(1) U. S. Vanadium, Vanadium Corporation 
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of America, Uravan, Durango, Naturita and Grand Junction, Colorado. 
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Jersey. 



Pennsylvania. 



(2) Middlesex Varehcuse, L'dddlesex, New 



Vitro Manufacturing Co., Canonsburg, 



(it) Iande Ceramics Plant, Tonawanda, New York, 
(c) Hazards . - The hazards related to uranium 
and its daughter^ radium, are of two general types; those caused by 
radiation of various types from these metals, and those related to 
direct toxic or poisonous action of a chemical nature on certain organs 
or tissues of the body. For a more detailed survey of these hazards 
reference- should be made to Section 2 dealing with physiological effects. 
(2) Preparation of -Black Oxide .' (O3O8) 

(a) Process . - After solution of ore in sulfuric 
acid and differential precipitation of the radium, lead, vanadium and 
other imptfrities, the uranium is precipitated as the sodium salt, 
reconverted to the ammonium salt in an acid solution and finally cal- 
cined (or burned) to pure black oxide U-jOg in a hot furnace which 
drives off the previously combined ammonia. This process is essenti- 
ally similar in all of the three contracting companies using it, .with 
the exception that the source material may be ore, uranium carbonate 
and wcste liquors or sludges containing amounts of uranium feasible 
for recovery purposes. 

(b) Contractors . - This process was carried 
out at the Linde Air Froducta Company and the Vitro Manufacturing Co., 
Canonsburg, Pennsylvania, by almost identical methods. E. J. du Pont 
de Nemours and Company, Inc., at rtilmington, Delaware, carried out a 
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similar recovery process on sludges and low grade materials, in their 

"recovery" plant. Black Oxide refining contractors mentioned in 

i • 
Book VII are Vitro l£anufacturing Co., and Linde Air Products Co. 

liallinckrodt Chemical Co. processed Brown Oxide UC2- 

(c ) Hazards. - Hazards in this process are 

related to the possible absorption and the breathing of radium and 

radon of the soluble sodium and ammonium uranium salts. 

(3) Preparation of Brown Oxide . 

( a ) Process . - In several installations the 

black oxide is dissolved in nitric acid and washed several times with 

differential ether and water washes to remove the impurities. The 

nitrous oxide of the formed uranium nitrate is driven off by heating 

* and the resultant orange oxide (UC3) converted into brown oxide (UC2) 

( by heating in a hydrogen furnace. 

* (b) Contractors . - This process was carried 

out at the du Pont de Nemours Company in the above mentioned plant, 

at the Llallinckrodt Chemical Company, and formerly at the Linde Air 

Products Plant. 

( c ) Hazards . - Hazards in this process arise 
from possible exposure to the soluble uranium nitrate which has been 
shown by laboratory experiment to be one of the most toxic of these 
compounds. However, for the most part, this substance is handled 
as a wet solution or paste, and only in the heating step (transfer 
by hcjid to the ovens) does much exposure occur. 
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(A) Preparation of Green Salt (UFa). 

(a) Process . - The process of conversion of the 
brown oxide (UC2) to the green salt (UF4) is by reaction, in inclosed 
chambers, of the brown oxide with anhydrous hydrofluoric acid, at 
a high temperature. After passage of the anhydrous hydrofluoric 
acid over the oxide for a specified number of hours, it is removed 
in the dry state by hand and routed to plants for the production of 
either the hexaf luoride (UF^) or the pure metal (U). 

(b) Contractors . - This process for the pre- 
paration of the tetrafluoride was carried cut in the Linde Air 
Products Co: pany, the 1'allinckrodt Chaiiical Ccrxany and the Marshal* 
Che:nical Company of Cleveland, Chic. The green salt rraptrei in the 
first two installc.ticns named was used for red-, otic n to uetalj that 
in the last, fcr the production of the hexafluori Je. 

(c) Hazards . - Hazards in this operation are 
for the sost part due to exposure to anhydrous hydrofluoric acid and 
the tetrafluoride and its small .content of the cxyf luoride (UOF^). 
This latter is soluble and moderately toxic. 

(5) Preparation of Hexaf luoride . (Up6) 

( £ ) Process . - The hexafluoride is prepared by 
the direction of a stream of pure, elemental fluorine (F2) over in- 
closed trays of the green salt UF4. The hexafluoride so forced is 
volatile at the temperature encountered and passes off through ducts 
and is collected in cooled tajiks. It is then purified by driving 
off excess impurities by redistillation, collected in nickel containers 
and shipped to the main- processing plant, where it is used as the base 
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inaterial for the diffusion purification process, fpr the separation of 
uranium 235. 

(b) Contractors . -> This process was carried 
out by the Harshaw Chemical Company of Cleveland,- Ohio. At one time 
the du Pont Company maintained a similar installation of smaller size. 

(c) Hazards. - Hazards encountered in this 
process are related to inhalation and absorption of the soluble hexa- 
f luoride, the possible exposure and hazard due to burning or corrosive' 
ness of elemental fluorine, and the danger related to the possible 
absorption of uranium oxyfluoride remaining in the reactor trays after 
the hexafluoride is driven off. In addition to the oxyfluoride, most 
of the disintegration products of the uranium used in the original 
charge are left behind in the residue. These uranium and uranium 
X2, the natural daughters of radioactive decay of uranium, account 

for most of .the radioactivity possessed by uranium. Vihen UX^ and 
UXj a r e concentrated, as in this process, they form a potent source 
of beta radiation. Suitable protective measures are 'required, such 
as gloves, shields, and radiation exposure monitoring. 

(6) Preparation of Uranium Metal . 

(a) Process . - In the preparation of uranium 
metal the green salt (UF4.) is thoroughly mixed with magnesium powder, 
placed in a dolomite-lined steel container, and heated until the 
reaction starts. The reaction maintains itself without furtheV 
heat, much in the manner of thermite. This reaction reduces the 
tetrafluoride to uranium metal, forming a biscuit which falls to the 



bottom of the container. This biscuit is reaelted in a vacua fur- 
nace, chipped, labelled, end shipped to the ultimate destination, 
where it is reworked into ingots for use in the pile process. 

(b) Contractors . - This process was carried 
out at the Uallinckrodt Chemical Company, the Electro Metallurgical 
Company at Niagara Falls, and. at the Iowa State College, Department 

of Chemistry, at Ames. Belated procedures were done by Ifetal Hydrides, 
Beverly, Itassachusetta, Brush Laboratories, . Cleveland, and Westing- 
house lianuf acturing Company, Bloonfield, New Jersey. 

(c) Hazards . - Hazards are the minimal one -of 
exposure to black oxide for:aed by oxidative reactions on the surface 
of the metal, and radiation from the surface of the metal. 

(7) Medical Control of Hazards of Uranium Processing. 
Methods of medical control of the hazards involved in uranium pro- 
cessing were instituted in the following fashion. Feriodic inspec- 
tions of each facility were made to see that hazard control measures 
were followed and to examine for possible new sources of trouble. 
Vforkera were given complete physical examinations, plus examinations 
.of the blood and urine, for abnormalities. Chest x-rays were taken; 
blood serology recorded.' Examinations of the urine at monthly inter- 
vals and of the blood at tri-ironthly intervals were made. Any abnor- 
malities were a cause for complete review of the case and correction 
if possible. Repeat examinations (physical) were made at annual or 
semi-annual intervals depending on the individual circumstances. 
Protective devices such as special clothing, dust masks, gloves and 
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the like were recommended where necessary, and if no suitable methods 
of protection were available, developmental procedures were instituted. 
General overall monitoring of the hazards existing in the individual 
plant was' carried out. Individuals exposed to possible excesses of 
radiation were required to wear film bodges, which determined the total 
amount of exposure received during the day or week. Dust samples were 
collected and analyzed so that plant conditions could be controlled 
by suitable reduction in exposure . If necessarv, it was recommended 
that ventilation be increased, housekeeping of the plant be improved, 
or chemical or engineering procedure be altered, to reduce exposure. 
Analysis of pla&t atmosphere for radon content v.as /aaae whenever 
exposures to high radiuru-contairiing ores were encountered. 

'Such caref ul'ir.spec ti on and. analysis of plant 
conditions enabled the Medical Section to enforce tolerance con- 
cent rations of, hazardous materials in the individual plant, and 
thus protect the workers from possible radiation or chemical injury. 

(8) Metal Shaping and Engineering . 

(a) Process . - The processing of the metal 
consisted of • the forming, coating, and canning of uranium rods in 
suitable form for use in the pile process. 

(b) Contractors . - Following are listed the 
industrial concerns which set up experimentation on, and development 
of processing methods, and performed various phases of the program, 
of metal shaping and engineering: 

(l) Copper ifeld Steel Company, Vfarren, 
Ohio. 
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(2) Baker Brothers, Inc., Toledo, Ohio. 
(^) Herring, Hall, LLarvin Safe Company, 

Hamilton, Chio. 
(/J B & -T Metals Company, Columbus; Ohio. 
(j>) Revere Copper & Brass Company, Detroit, 
'■ Michigan. 

[ (6) Joslyn iianuf acturing & Supply Company, 

Ft. rfayne, Indiana. 

I (2) Battelle Memorial Institute, Columbus, Chio. 

(8) Carborundum Company, Niagara Falls, New York. 
(2) Andrew C. Campbell Division of American 

Chain and Cable Co., Bridgeport, Connecticut 
and Wilkes Barrey-Penna. — — - 
C ■ (10) iifilliara E. Fratt Manufacturing Company. 

(11) C. H. Schuman & Co., Sprugate, - Penna. 

( 12) KcKLnney Tool Manufacturing Company, 
Cleveland, Ohio. 

(13) duality Hardware & Machine Corporation, 
« Chicago, Illinois. 

(llf) Grasselli Chemical Company, Cleveland, 
Chio. 

(15) Alurdnur. Company of America, Kew Kensington, 
Pennsylvania, 
(c) Hazards . - These procedures subjected workmen 
only to contact with the metal and the oxide (U-jOg) found on its surface. 
In i..os I instances the experimental pre auction was continued for only a 
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fevi jconths, and the hazaru to workmen was considered negligible. 

(d) Medical Control . - The program of medical 
supervision was less elaborate for these contractors than that listed 
above (paragraph 3-7 b(7)). Occasional air analyses for uranium 
content were made, and the employees underwent periodic routine ex- 
aminations. 

c. Fluorine and Fluoroc arbors . 

(1) General . - Prior to the existence of the District, 
elemental fluorine was a laboratory curiosity. However, quantity 
production of this element was required for use in treeting metal 
surfaces to make them less reactive with uranium hexafluoride; and 
for the production of uranium hexafluoride and various fluoro carbons 
(the fluorocarbons were selected for their properties as coolants, 
lubricants and plastics which would not react with uranium hexa- 
fluorides). 

(2) Fluorine; 

(a) Process . - This element was produced by 
electrolysis of anhydrous hydrofluoric acid in the presence of 
potassium and fluoride. 

(b) - Contractors . — Fluorine was produced at 
Johns Hopkins University, Baltimore, H£_rylandj by 2. I. du Pont de 
Nerours, Vfi-Lnington, Delaware] by Hocfcer Electrochemical Company at 
Niagara Falls, New York, and Oak Ridge, Tennessee; and by the Harshaw 
Chemical Company, Cleveland, Ohio. 

(°) Hazards . - Fluorine is an exceedingly 
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irritatin£ tnjb^taice, .f-.nd, depending upon its concent i*c-.oio;;, carl 
cause skin rashes an J. burns and irritation of the respiratory 
passages and lungs.- 

(d) judical Control .- - './orkt:;en had periodic 
physical exa-rd nations and examinations of the urine and blood 
. Since the hazard of chronic effects was negligible, exaaanstions 
were cade annually 6r seiri-annually, and the res-cits y/ere used as con- 
trols for persons exposed to uranium. Spot-checks were made on 
the urinary fluoride excretion to guard against excessive fluoride 
^Pp5 absorption* Inspections y/ere made, and adequate ventilation and fire 

protection required. Suitable r_asks and protective clothing were 
recommended after thorough testing. 

(3) Fluoro carbons .- 
C ( a ) Process. - The lubricant and coolant 

fluorocarbons are produced by reacting hexaf luoroxylene or special 
oils with cobalt and silver fluoride catalysts. The catalysts, are 
renewed by reaction *dth fluorine. A plastic fluorocarbori is pro- 
duced by polymerization of monochlorotrif luoroethan e in chloroform, 
and treatment with cobalt t ri fluoride. - 

(b) Contractors.- - Chemical processes in the 
production of lubricants snd coolants were performed by Johns 
Hopkins University, Hooker Electro chemical Coxapany, and £. I.- du 
Pont de Nemcurs and Company. The plastic was produced by Linda Air 
Froducts Company, Tonawanda, New Yorkw 

(c) Hazards < - Severe pulmonary and skin irri- 
V tation may be encountered fro ia fluorine and the catalysts used in 
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^ the process. Intermediate products in the process cause moderate 

irritation, and the end-products are slightly irritating. In addi- 
tion, the v;ell-knovi*n hazards of work with chloroform and carbon 
tetrachloride are present. These consist primarily in anesthetic 
effects with possible brain and nerve damage, liver damage and 
kidney damage. 

(d) Medical Control . - Physical and labora- 
tory examinations similar to those used in fluorine control were 
instituted for these workers as well. Suitable protective equip- 
§Pp$l ment was recommended, and engineering procedures were instituted 

which minimized contact with toxic materials, 
d. Boron Production . 

(1) Process . - Boron trif 1 uoride v.as reacted with 

(~ dimethyl ether and distilled. This substance was converted to boron 

*HT',* trichloride, which was passed in an atmosphere of hydrogen across 

a hot tantalum wire, with the collection of metallic boron on the wire. 

(2) Contractors . - The following contractors were 
concerned with the various steps in the boron croduction process : 

(a) Ht r a haw Chemical Co., Cleveland, Gbio 

(b) Standard Oil of Indiana, Whit in;, Indiana. 

(c) American Cyanamid Co., StcSacru, Connecticut., 

(3) Hazards . - Borcn trifluoride, boron trichloride, 
dimethyl ether, and boron trifluoride dimethyl ether complex are all 
low-grade pulmonary irritants. Dimethyl ether also has- anesthetic 
properties, and is highly inflammable. The metal deposition* process,. 

(. is hazardous only from the possibility of explosion of hycrogen. 
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(U) Medical Control . - Employees on these projects 
received the routine examinations ordinarily made in the plants 
listed. The chemicals were handled in closed systems and exposures 
were unusual. A few spot-checks of fluoride excretions were made 
on Harshaw employees. These indicated that the workmen were absorbing 
fluoride in greater than normal, but not dangerous, amounts. 
3-6. Process Research . 

a. General . -A number of universities were given contracts 
to do research on various problems in chemistry and physics related 
to District operations.. These projects varied in size from a few 
to more than a thousand persons. Likewise the hazard and medical 
supervision required varied considerably in the different operations, 
b. Research on the Diffusion Process . 

(1) Scope . - Extensive research was carried out on all 
phases of the development of the diffusion process, including the 
puxups, barriers, cooling devices, seals and instruments- required for 
the mechanical separation of U235. Equipment design and pilot plant 
operation were part of the research. 

(2) Contractors . - The fundamental research in the 
program listed above was perforaed by the 5.A.L. Laboratories 

of Columbia University. The j" si lex Corporation, a subsidiary of 

M. »i. Kellogg Coa.par\y , did the engineering design and operated a 

small pilot plant. The Linde Research Laboratory, Tonawanda, New 

York j tested motors, operation drives and se^ls. The Bell Telephone 

Laboratories of Sunmit, New Jeraeyjand Princeton University, Princeton, 

Nev. Jersey^ciid certain research on the corrosion and the effect on 
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porosity of »etals produced by fluorine and uranium hexafluoride . 

(3) Hazards . - These activities vvere acco.apt.nied 
by the hazards associated with the use of uraniujn hexaflucride, 
fluorine and the fluorcctrtcns, and, ir. addition, those cher.dc£.ls 
usually encountered in chemical research. In general, the work was 
not considered to be e^ecially hazardous . 

(4) 1-ediccl Control .- - Smplo; ees engaged ix. these 
activities received careful periodic physical and laboratory exajui- 
nations according to the schedule outlined in paragraph 3-7 b (7). 
Careful statistical studies of the data obtained revealed no signi- 
ficant difference in the findings of the exposed and non-exposed, 
groups. Checks also were aade of the atmospheric content of noxious 
substances, and periodic spot-checks were .iiade of urinary excretion 

( of uranium and fluoride. 

c . Developmental Research . 

(1) Fluorocarbons . -" Chemical research on methods 
of producing fluorocarbons was done at Johns Kopkins University. 
Hazards were those listed in paragraph 3-7 c, but no formal medical 
program was instituted other than specific instructions In treat- 
ment of acute exposures to the materials. 

(2) Radium Extraction . - Research was performed at 
Yale University to develop a si/qple method of extracting both uranium 
and radium from ore. Hazards involved were snail because the work 
was done entirely on a laboratory scale. Radiatioh measurements 
were made by both instruments and film badges. Air samples for 

v • radon content of roocr air were ;:mle and found to be well below 




tolerance lir- i.t ■ . work/nan were checked by breath samples to deter- 
mine the a/riount cf absorbed radium. These testa likewise indicated 
no excessive exposure. 

(3) Methods of Manufacture of Uranium Compounds . 
' Fundamental research on methods of Manufacture of uranium compounds 
was done at Purdue University, d. Lafayette, Indiana; the National 
Bureau of Standards, Washington, D.- C; and at Brown University, 
Providence , Rhode Island. All of these projects were inspected - 
and found to have negligible hazards. Consequently, no formal 
medical program v.as instituted. 

d. Analytical Research . - Research on analytical methods 
and analyses of ore, and various uranium compounds was carried out 
at the National Bureau of Standards, Washington, D. C; Princeton 
University, Princeton, Net. - Jersey; and at iiassachusetts Institute 
of Technology. Inspections were made of these projects; dust counts 
and radiation measurements were t.-Jten but, because of the negligible 
hazard, no formal medical program was instituted. 
3-9. Process Equipment . 

a. General . - In the majority of instances the contractors 
supplying process equipment were performing their usual operations, 
and no special medical supervision was re uired. The few exceptions 
are noted belov;. 

b. Barrier Production . - The barriers for the diffusion 
process are especially-formed nickel tubes. They were produced by 
the Houdai lie-Hera hey Co;npany of Decatur, Illinois, and Linde Air 
Products Cocpany, Tonawandc, Eev; York. The only hazards Yfere those 
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of nickel dermatitis in susceptible persons s-rui froi^ use of tri- 
chlorethylervj . Frorer eruineerirr reduced contact v.ith these sub- 
stances, and persons sensitive to nickel were radually eliminated 
from employment. The schedule and extent of axsjui nations were those 
usual r.ith the individual companies for their employees. 

c. P umps for Diffusion Process . - In the manufacture 
and testing of pumps, a limited amount of urcniui:. hexaf luoride 
v.'as used by the Allis-Ghalmers Company of Milwaukee, Wisconsin. 
The operation was inspected. Instructions were given for acute 
exposures, and employees v.era examined re^ularl^ as outlined in 
pe.rafcrf.ph 3-7 b(7). 

d. Unit Assemblies for Diffusion Process . - These units 
were manufactured b.2' the Chrysler Corporation, Detroit, Michigan. 
The orJy special hazard involved va.s that of the use of elenental 
fluorine for preliminary conditioning of the equipment. Inspections 
were nade, and appropriate directions for treating acute exposures 
v»ere provided. The program cf physical examinations was that used for 
other Chrysler employees .in similar jobs. 

3-10. Gas Diffusion and Thermal Diffusion Processes . ' 
a. Processes and Haaards . 

(l) Gas Diffusion Process . - The gas oiffusion 
process separates the rare uranium 235 from the sore abundant 
uranium 238. This separation process consists of passing uranium 
hexaf luoride, viiich exists at temperatures above 130 decrees F., in 
the gaseous state, through long porous tubes or barriers located in 
an snclosed system. The process, which is completely described in 




Book II of this history, effects the diffusion of tl.e lighter uranium 
235 through the fine pores of the tubes or barriers, lecvir.£ the 
heavier uranium 238 atoiis still in the central system. This uranium 
235 is passed through numerous stages of concentration up to approx- 
imately 30 per cent in the final stage, instead of the 0.7 per cent 
contained in the. original metal or its hexafluoride. In the product 
rooms, by means of a cooling system, the enriched uranium hexa- 
fluoride (containing higher percentage of U235) is removed for ship- 
ment to another installation at which further concentration is iaade. 
The "depleted" uranium hexafluoride which still contains consider- 
able amounts of 235> is then piped to a tails accumulator building 
for storage until it can be either re-introduced into the cascade 
or disposed of in some other way. Before any uranium hexafluoride 
can be processed, it is necessary that all metal parts of systems be 
made inactive to this substance to prevent reaction and breakdown 
to a non-gaseous form. A "conditioning process" is used for this 
purpose, consisting of treatment with fluorine, forming on all 
metal surfaces a film of metal fluoride which does not react with 
the hexafluoride. Prior to this treatment vdth fluorine the oetals 
are washed vdth trichlorethylene, sulfuric acid, sodium hydroxide 
and thoroughly dried with hot air. 

(2) Hazards of Gas Diffusion Process . - The hazards 
in various steps of this process are those fro.?, exposure tc fluorine 
in the gaseous state in the 1 conditioning process" and exposure to 
uranium hexafluoride and its breakdown products in the remainder 
of the process. Fluorine, as previously described (see paragraph 



3-7 c(2; ) may cause painful burna . In addition, in high con- 
centrations it ^) extreruely irritating to the upper respiratory 
tract, trachea and lungs. No severe systemic toxicity from it has 
been noted. Uranium hexafluoride in the gaseous form is also quite 
irritating and is easily absorbed from the lungs. Apparently, however 
it is possible to absorb appreciable quantities . in any acute exposure 
without severe or prolonged damage resulting. The breakdown products 
of uranium hexafluoride are chiefly uranium oxy flue ride in the form of * 
a soluble dust produced Vihen uranium hexafluoride reacts ;vith moist 
air and hydrofluoric acid. Uranium oxy fluoride in noderate concentration 
is Else tc-dc end cepable of c-:us±._g l.i.iney injur; . To date, exposures 
to uraniua hexafluoride have been v. ell controlled ana no serious effects 
have been encountered. There are other hazards present, but these are 
identical with those usually found in chemical plants and include tri- 
chlorethylene and other' solvents. The potential hazards from radiation 
are small because of the extremely long half-life of the uranium metal 
and lack of concentration of the uraniua i]^ and X2 breakdowi products. 
Again, inasmuch as the system is entirely closed, the alpha and beta 
radiation present will net penetrate the tuztcl ./alls to a hazardous 
extent. The fluorinated hydrocarbons used in cooling and lubricating 
the above machinery are also in an enclosed system, and human exposure 
to the. a in hi£h concentration occurs only in case of a breakdown. In 
such instances adequate protection "was provided by the use cf army 
assault casks to avoid lung Irritation, the major damage. 

(3) Thermal Diffusion Process . - This process 
separates uranium 235 from the .no re abundant uranium 238 by a process 
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■ of therml diffusion, (a complete description of this process is 

given in Deck VI of the history). The uraniuii. hexafluoride feed 
material is first placed in the transfer room, weighed, and then 
piped to the columns where the thermal diffusion action takes, place. 
The "enriched" ia removed from the top of the column and the 
"depleted" material is either drawn 'off the bottom or recirculated 
from the bottom to the trensfcr room- and returned to the column. 
The "enriched" material is drawn from the top cf the column into 
metal capsules, v.hich are then taken to an area in the conditioning 
shop outside the sain building for ' transfer into larger containers. 
About 1 June 1945 &n i.diiiticni-1 app^r^tus v;as constructed for the 
transfer frc. these larger c-.-ntainera to lar^e shipping tanks. For 
operational reasons, the ther/.ial diffusion process was abandoned in 
( ^ August 1945 arid placed in a standby condition. 

M*«i*fi (4) Hazards of the Thermal Diffusion Process . - The 

transfer procedures for uranium hexafluoride constitute the major 
hazard in this process (excluding rupture of a high pressure tank 
or steam line). Before a container is attached, the line contain- 
ing UF6 is frozen off vdth dry ice. Then the container is connected 
ana the line is opened by thawing the solid uranium hexafluoride 
v.it! vat fror c. _-unsen burner flan.e. The process is repeated to 
remove the container. The danger of breathing UF 0 and cf being 
burned by it in this operation is considerable. In this process, 
as in the gas diffusion method, metal parts coming in contact with 
uranium hexafluoride must be pre-conditioned with trichlor ethylene . 
and fluorine. This procedure is done in a conditioning shop outside 
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( to ?C-£5 per d.i j. In August l^g^^^pfl^n^to 100/da;* and then a 

shc.rp drop occurred-. In June 19A-6 the number hud dropped to S-9/day. 

(b) Interval ^nd Termination . - Interval exam- 
inations at both installations were brief and consisted of cursory 
.physical examination, blood count and urinalysis, x-ray of the chest 
and special examinations as indicated. If there was a history of 
exposure to hazardous /.materials, special attention was directed 
toward the deter ir.at ion cf signs of bodily damage. There was no 
specific interval for these ex—in at ions. Termination physical 
examinations included a c capiat e physical examination, blood count 
and rrinalvsis and x-ra; cf the chest. Be^inr.in^ in January 1945 
urinalyses for uraniuir. content re re st- r' ed on persons exposes'.*, tc 
uraniuc hexaxl;;ori ■•,a. Tests were r.ade .on all .persons exposed to 
^ hi^h concentrations cf uraniur. compounds, and also in the periodic 

- »^ health examinations . These tests were ;.£.de a part of the routine 

industrial health examinations, starting earl; in 1945. The program 
v. as designed. to provide, at intervals of six to seven weeks, a check 
■j00* of the general health of all rerscns eaployed and to evaluate abs^ce 

because of illness, weight loss, changes in blood pressure, and other 
abncrr-xlities. . These tacts were instituted to detect early si^ns 
of toxic effects from v.ork vdth uranium confounds, and correct the 
condition before injury is incurred. 
(3) Monitoring . 

(a) Air Contamination . - Beginning in December of 
1944, the chemical laboratory cade air analyses for fluorine and 
uranium hexafluoride content. These analyses were ;.*.de at weekly 
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intervals at various pcir.t£»^BFS.uUi LLe ££.s diffusion and ther;.al 
processes and reported to the i'edical Department for interpretation. 

( b ) Radiation . -.Because of the possibility of 
exposure to radiation, routine surveys were begun by the physics 
laboratory personnel in Harch of 1945. Corporal Wendell Miller 
and assistants were assigned to carry out .ueasurements of alpha', 
beta and ganaaa radiation. Selected areas in both gas diffusion 
and thermal process plants were surveyed at weekly intervals with 
, special recording apparatus. Data from these surveys were reported 
weekly to the Medical Department for interpretation and recommendations, 
c. General Industrial Hygiene . 

(1) General . - An indication of the amount of ser- 
vice which was provided by the Medical Department isay be de;non- 
strated by the increase in /atient visits per aonth from the start 
of operations. 



July 1944 


1000 patient visits 


September 1944 


2,550 patient visits 


January 1945 


6,300 patient visits 


Larch 1945 


11,050 patient visits 


June 1945 


15,500 patient visits 


August 1945 


20,400 patient visits 


October 1945 


11,700 patient visits 


February 1946 


9,600 patient visits 


June 1946 


10,000 patient visits 


(These figures include all occupational dis- 



ease and accident cases, initial visits for non-occupational 
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illness or aisease, special exa;ai rations for groups in potentially 
hazardous areas, and pre-eraplojment examinations. ) 

(2) Occupational and Non-Occupational Helical 
Care . - An average of 170 occupational cases were seen daily in the 
dispensary (approximately 35% of total work-load of the treatment 
section). These included injuries from special hazardous materials 
as well as the type of occupational injury occurring in any manu- 
facturing plant. The remaining 65$ consisted of the treatment of 
non-occupational illnesses which interfered with the efficiency 
of the worker. Treatment of non-occupational illness or injury 
was limited to one or two visits. The K-25 Dispensary, a branch 
of Oak Ridge Hospital, provided medical care similar to that rendered 
in a physician's office for non-occupational conditions occurring 
among employees or residents of K-25 Area. In September 1945, follow- 
ing a reduction in population of the K-25 Area, the dispensary was 
closed. Cooperation was maintained between the medical department 
and the worker's personal physician to insure efficient medical service. 

(3) Relationship to the Safety Departments . - The 
Medical Department, in its liaison with the Safety Departments re- 
sponsible for the prevention of accidents and injuries not due to 
hazardous special material, followed the Safe Practices Rec emenda- 
tions of the New York Safety Committee (See par. 3-5) • The supervisor 
of the Lledical Department was a member of the Special Hazards Committ- 
ee, which met at monthly intervals to stud; hazards arising from . 
special materials and to make suitable recommendations for their 
control. AH minor injuries were investigated by the Safety Depart- 



merits. Submajor accidents involving removal fra:. v.ork and xajor acci- 
dents involving hospitalization, required a cor.bined investigation of 
both the Ledical and Safety Departments. All injuries involving uran- 
ium compounds re re especially' investigated. 

(4) Catastrophe Program . - A couple te program was 
organized to provide ,f or the protection and treatment of plant per- 
sonnel in case of any .najor emergency. This program was divided 
into tvio parts, one established for the Medical and affiliated de- 
partment a of K-25 Area, and the other, a disaster program which 
included all medical groups on the Area, and was directed by the 
staff of the Cai: Ridge Hospital. Coixaitments were made under both 
plans for the evacuation of the plants and areas and for the treat- 
ment of injured personnel. 

(5) Other Activities . - The Ifedical Department 
also supervised general sanitation, waste, and garbage removal and 
related activities. It also maintained a visiting nurse service 
for the home care and medical control of those patients who did not 
require hospitalization. 

d. Organization . 

(1) Carbide & ^arbon Chemicals Corporation . 

( a ) Staff . - The organization of the inedi- 
cal depart cent of the Carbide and Carbon Chejiicals Corporation was 
started in April of 1944, "hen the services cf Dr. jidclph Rammer, 
formerly Medical Director of Inland. Steel Company, vere secured on 
a full time basis. Dr. Bernard Susaman and Dr. Raymond Cooper wlsre 
hired in February of 1944 but no departmental operations were started 



until Dr. Kanmsr's arrival. Prior to April of 1944, pr e -emp 1 nien t 
ex.'jrdnationa for this organization *n& its subsidiaries were carried 
out at the Medical Service Building by the Oak Ridge Hospital medical 
staff. Prom April 1944 to Jul/ 1944 the pre-exaplpyment examinations 
were carried out in one office and three examining rooms in the Carbide 
and Carbon Corporation Administration Building. Actual operation of 
the main dispensary of the medical department began in July of 1944. 
The dispensary waa designed to handle 5000 operating employees. 
The prime functions of the Medical Department were: the selection 
of adequate personnel through pre-employment examinations, the 
treatment of occupational injuries and disease, the preliminary 
treatment of non-occupational, or welfare, injuries and diseases, 
and the industrial hygiene control of occupational disease hazards. ~ 
The staff at the time of opening of the Dispensary consisted of 
three doctors and six nurses. Dr. . kartin Costello was added to 
the staff in August of 1944 and in the following January he was 
made assistant supervisor of the Kedical Department, thus freeing 
Dr. Karamer for executive duties. In September of 1944 the staff 
consisted of five doctors, nine nurses, eight technicians and eight 
clerks. By 1 July 1945 the staff had increased to a total of 14 
physicians, 28 nurses, 14 technicians, and 23 clerks and stenographers. 
In December 1945, the staff had decreased in the number of physicians 
to a total of 10 physicians, 30 nurses, 14 technicians, and 28 clerks 
and stenographers. In June 1946, the staff had decreased to 6 phy- 
sicians, 24 nurses, 12 technicians, and 19 clerks and stenographers. 

(b) Facilities . - The Dispensary (See App. C 13) 
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consisted of a frame U-shaped building cf a s erd-periiianent type 



containing two six-bed wards, four fc.r-beri wards, two treatment 
c 

rooms with cuticles, doctors' offices, x-ray room and darkroom, 
laboratory, and an emergency room. Since the original estimate of 
the number of employees was too low, it became necessary to acquire 

additional facilities. Because the employees of the Ford, Bacon and 

K.K. . . 

Davis Co., a contractor, and those of the .Ferguson Company (Fercleve; 

were also to be handled by the single i^edical department, additional 
first-aid stations or infirmaries were opened cr taken over in their 
plant areas. Because of the increasing demand for x-ray exam- 
inations for diagnostic purposes, it *«as considered necessary to in- 
clude x-ray equipment in the Carbide uispensarv building. Dis^nost- 
ic^-Fay "service was provided in Cctc'cer of 194-4 ard a photo-roentgen 
unit was added in April of 1945 • 

(2) Ford, Bacon and Davis Company. - In Karen of 
1944, the Ford, Batpon and Davis Company began operating a field 
hospital, under the direction of Dr. 3. 3. Rogers, for construction 
fWP workers. Later an infirmary was opened and operated in the present 

conditioning building, under the supervision of Dr. Harris Ski aire, 
from September 1944 to February of 19^5. At this tiue the responsi- 
bility was shifted to Dr. Earner and ids associates. Ford, Bacon 
and Davis continued to employ their own nurses. In Lay of 1945 
this Company turned over all operations to the Carbp.de Corporation, 
and the infirmary became first-aid unit of the Carbide medical 
depa rtment . 

^ (3) Fercleve Corporation . - The Fercleve Corporation 
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(H. K. Ferguson Company of Cleveland) began its medio&l program 
in October of 1944 with pre-employment and termination examinations, 
which were oarried out at the Carbide dispensary. First-aid work 
wad done in the beginning in a temporary structure on the plant site. 
On 1 February 1945 a semi-permanent building (See App. C14) was opened. 
The new first-aid unit contained two treatment oubioles, an eye treat- 
ment room, an offioe and spaoe for the Safety Department. For opera- 
tional reasons, the For o love Corporation's unit was olosed and held 
in standby condition in August 1946. 
e. The Cost. 

(1) Carbide & Carbon Chemicals Corporation. - The 
oost of constructing the dispensary exolusive of equipment was 

|181, 823 .75. The approximate cost of operating the faoility from its 
opening to 30 June 1946 was $479,021.83 of which the following amounts 
were chargeable to other contractors. 

(a) Feroleve Corp. ♦53,299.77 

(b) Kellex 1,645.22 • 
(o_) Hooker 16.68 

(d) TJ.S.E.D. 108.55 

(e) F.B.&D. (Oper.) 5,183.28 

(2) Feroleve Corporation. - The first-aid 
station built for Feroleve oost #16,411.53. Total oost of medioal 
service including the faoility amounted to $62,095.72. 

(3) Ford, Bacon and Davis Company. - The oost 

of equipping the Ford, Baoon & Davis first-aid unit was $3,878.50. 
The additional oost of operating the medioal service prior to trans- 




fer tc C£,-CC'J amounted to v26,127.05. 



3-11. Electromagnetic Process . 



a « Process and Hazards. 



(l) The Process . - The electromagnetic proceas 



accomplishes separation of the rare uranium 235 from the jnore 




abundant uranium 236 by passing uranium tetrachloride in a gaseous, 
ionized state through a magnetic field which tends to deflect the 



description of this process is given in Book V of this history.) 
The process feed material, uranium tetrachloride, was prepared, 
until 26 L'ay 1945, by reacting uranium trioxide with carbon tetra- 
chloride under pressure. This operation produced large amounts of 
phosgene as a by-product. After 2S Hay- 1945, a- vapor phase n«thod 
of chlorinaticn was used, which operated at much lower pressures 
and produced lass phosgene. The uranium tri oxide (UO3) was obtained 
from other Manhattan District contractors at the start of operations. 
This was supplemented by material returned from the separation operation 
for reprocessing. Earl^ in 1945, an increasing amount of "enriched 11 
uranium hexaXLuoride (material in which the U235 content had been in- 
creased) was received from the gas tnd thermal diffusion processes for 
conversion to uranium tetrachloride. Following purification, the 
uranium tetrachloride is bottled ana piocessed in the electromagnetic 
plant (See Book V, Vol. 6). Part of the uranium tetrachloride in- 
troduced into the bottle remains unprocessed. This material is re- 
turned to a recovery plant and ia reconverted to uranium tetrachloride 
and the sequence of operations is repeated. 



lighter atoms (U235) from the normal path of the gas. (A detailed 




(Par. 3-lla) 

C (2) Hazards . - Fhcsgene and dusts cc;itaii.in e ; ura/iiuin 

are the principal hazards of the electromagnetic process tut there 
are ntuosrous other hazards present in soma aegree . These include 
alpha, beta, and gamma radiations; carbon dustj trichlorethylene; 
carbon tetrachloride, ordinary chemicals such as nitric acid, 
hyrc chloric acid, etc.; and the dangers attending the use of 
high voltage sources of electricity. • 

b. Medical Control of Hazards . 

(l) General . - For the control of occupational 
hazards, a complete industrial hygiene service was maintained by 
the 1-edical Jivisicn cf Tennessee 3astr.- 1 an Corporation. Personnel 
end facilities lvers provided for evaluating the potentially Jiaraful 
environnent factors, such as the concentration of tc^-ic ciists, gases, 
^ and vapors, and physical conditions such as lighting, hunidity, 

. temperature, etc. A clinical section performed a variety of labora- 
tory tests for the detection of possible injury from materials 
encountered in the operation of the electromagnetic process. For 
the control of radiation hazards, a Special Instruments Laboratory 
was maintained in conjunction with the Process Improvement Division. 

(2) Ire-employment Physical Examinations. - In order 
to insure the maximum utilisation cf available ranpower and that 
persons employed would be placed in jobs appropriate for their physi- 
cal status, a system of pre-employment physical examinations was start- 
ed, on Tennessee Eastman Corporation applicants for employment, on 
1 July 1943* The pre-employment physical examination included a 
^ brief medical history, a physical examination by a ccapetent physician, 




laboratory examination of the urine, a V.'asserr.ian Test on the blood, 
and an x-ray of the chest. This type of examination is considered 
adequate by the general standards of most lar^e industrial concerns 
engaging in work on a similar scale. 

(3) Interim Examinations. - Shortly after the opening 
of the new medical dispensary in Ju# l%tt, the staff of doctors was 
large enough to allow one physician to v,crlc part tine on special 
examinations of employees in potentially hazardous areas. Those 
workers employed in the Liquid Phase process, where phosgene was a 
major potential hazard, and those handling urciiiun ccrwounds (for 
example: the chenicil recovery air?ioye«s and bulk treataent 3.~plc\ ees) 
•a' ere ^iven frequent physical check-ups, ir. eluding blood count.:, urin- 
alysis and, in seme cases, bleed non-prctsir,. nitre en indicating kidney 
damage arid icteric index ietemLiations for livsr di-r^t. The employ- 
ees having the greatest potential hazard were examined three times 
a year, while those where the has»ird was least were examined at least - 
once a year. If any abnormal findings were noted in these examina- 
tions, the employee was referred to the Ladical Liaison Officer for 
further study as to the cause of the abnormality. 

(4) Te ruination Examinations . - Cn termination of 
employment the employee was referreu tc the iraaiccd division for a 
short interview to determine vhethar or not he felt he had been 
injured in any way by his work. If any complaint was made and con- 
sidered worthy of investigation, the employee received a complete 
physical examination to evaluate the validity of his claim. 
(5) M onitoring . 
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( a ) Dust » ~ Cn 10 April 19A5, following several 
preliminary surveys, a routine of dust monitoring was set up. In 
locations with the highest potential dust hazard, dust measurements 
were made, at least once each month, while at other places where the 
dust hazard was not so high, the measurements were made at least 
once wery two months. 

(b) Phosgene . - The monitoring of phosgene, 
the other principal hazard, was particularly difficult because there 
were no efficient and sufficiently accurate methods of neasuring 
this gas at low concentrations. The human sense of smell is pro- 
bably the most accurate detector cf the gas at concentrations of 
about one part per million. Because of this fact, it was felt" 
that 'the workmen themselves, when trained to recognize the odor 
of phosgene rather than rely on the use of questionably accurate 
chemical detectors, could more effectively apply the necessary 
safety precautions. Consultation with the Division of Chemical 
Warfare revealed that this principle of depending on the sense 
of smell has been used by them in the manufacture of phosgene at 
Edgewood Arsenal. Since the vapor phase method of making uranium, 
tetrachloride has been in use, the potential phosgene hazard has 
practically disappeared. 

(c) Radiation . - Because of the possibility 
of exposures to radiation, the Special Instruments Laboratory began 
to survey the electromagnetic process from beginning to end in the 
fall of 1943- Surveys on alpha, beta, and gamma radiation were 
carried out. Dr. William Bale, a physicist attached to the District 



^ i.edicr',1 Section in the Rochester -irea, was called in as consultant 

and visited the Tennessee East/ncji Corporation plant in Februcry 19uU, 
and again in July 1944- During his visits he r.ade thorough surveys 
with portable testing cetera and found that there v.sre no areas 
which had harmful amounts of radiation (See App. E 9). Dr. Bale 
suggested, however, that the "cubicles" which contain the large 
kenotron rectifying tubes, the tube testing rooms and the cable 
, testing rooms, be surveyed periodically. After a thorough pre- 
liminary- survey to determine the most probable sources of radiation 
in these areas, a system of routine monitoring was instituted in 
February 1945. The selected areas were monitored by placing x-ray 
filLi in light-tifht containers at fixed points in the room to be 
checked. The degree of blackening of this film gives a ,-easure- 
^ merit of the amount of radiation. This type of monitoring was car- 

ried out twice weekly until the first of July 1945, and the radiation 
was found to be far below the tolerance leyel. 
c. General Industrial Hygiene . 

(l) General . - An indication of the amount of service 
rendered by the Tennessee Eastman Corporation Medical Division is 
demonstrated by the increase in patient visits per month as shown 
in the following table. 

Month Patient Visits 

September 1943 61 
January 1944 4,365 • 

July 1944 . 17,459 
^ January 1945 22,366 




October 1945 12,960 
Karch 1946 £,539 
June 1946 • 9,299 

These fijures include occupational ise.-se and accident cases, 
:\cr.-c z cu; ational disease cases, special granl nations cn groups 
er.r,.-loyed in potentially hazardous areas, and pre-aufloyrAent 
examinations. In addition, c dvice • cn health rcble^riS v«as given 
by individual consultatior., by articles in the Tennessee East/ran 
Ccr: oration Bull jti :i, nil as 7 art cf t/,e Supervisor. Trai:dng 
- and Induction Training I'rc gra..,s. 

(2) Cecu aticnal Injuries end Illness . - The 
naiic- ,1 division at the Tennessee Sast.T-an Cort oration plant was 
responsible for the medical procedures necessary to treat occu- 
pational accidents and diseases. An average of 150 occupational 
cases, varying greatly in severity, v. ere seen ever} twenty-four 
hours in the dispensary. All case3 of phosgene exposure, nc matter 
how cinor, were seen and thoroughly checked at the dispensary* 
Cocygen breathing equipment -.vus reaay and available for treatment 
cf all phosgene cases. *»11 cases cf severe injury requiring pro- 
longed treat/sent and cases reuuirii.g overttive y rccearres or the 
services of a specialist r.ere referred tc the Cak idd; e Hospital 
for care. The compensation ferns required by Tennessee state la;v, 
such as' the Employer's First Report and the Physician's *lrst 
ileport, were filled out by the dispensary staff and forwarded, through 
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trie Jistncfc, to the ii-sur&nce ccrrier. 

(3) Kc-r;-Gccup& tionai Injuries and liseases . - n 
lii.iited neeical service for non-occupaticnal illness or injury 
was available for employees while at v>ork. This service was de- 
signed to keep the employee on the job bj avoiding loss of ti;ne 
for care of adnor illness. Ferscns requiring more then simple 
ciia.Tiostic and therapeutic procedures were referred to their f a/aily 
physicians for treatment. Approximately of such cases v/ere seen 
in the dispensary every twenty-four hours. 
$08$ — (4) Sa nitation and Public Health . - To insure 



adequate sanitation in the handling and su^pl^inp; of food in the 
plant site cafeterias, a fvequent inspection and bacteriological 
testing pro gr era was carried on by the Liecdxei Ldvision, v.tiich also 
C supervised u.osquito and ver/.dn control. 

d. Organization . 

(l) Ledical Division. Tennessee Sastcan Corporation . - 
The organization of the iledical Division of Tennessee Sastman Corpor- 
atiory v.*as started in February 1943 when the services of Dr. James 
H, Sterner, of Sastaian Kodak Company, were secured on a part-ti.ne 
consrltant basis. He v.as joined, on 1 July, b^ Ur. a. ft. otreeter, 
v;hc was appointed teiL.pcrar Iledical Director and be.^an to assemble 
the dispensary staff. The actual operation of the I'euical Division 
began in September 1°43> in a dispensary designed to iiandle approxi- 
mately 7,000 operating employees. The staff, at this tiira, consisted 
- of 1 doctor and 2 nurses. The dispensary was a hollow-tile, perisianent 
ype of building, containing a six-bed ward, treatment cubicles and 
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doctors' offices, as v>=ll • as space icr the clinic el and ii.~us trial 
hygiene laboratories, --s plant operations a rof.ched full capacity, 
it r.as found thct the original astiijate of the nuiaber of enplcyees 
was too lor;, and it became necessary to enlarge the ;:.edical facilities. 
In the earl^ pert of 1944, consideration v;as given to an expansion of 
the existing dispensary , but, because of its off-center location and 
the necessity for the complete remodeling of the building, it v.as de- 
cided to construct a ner; dispensary (See App. C 15) centrally located 
within the operations area , The new dispensary was designed to hanole 
13,500 eoployees. Provided in the building were dispensaries for 
ei»r_e:.cy auiiulatory care, six doctors • offices, x-r;„ roo.~s, trs&tiaant 
cubicles, space for twenty bads, an euer-ency receiving roc„., an 
exa0xv.6r.cy operating rccc, a large laboratory to house both zhe clinical 
( and industrial hygiene sections, and fc special instrument laboratory. 

The nu^bsr of teas was increased fro;:; six to twenty in the new build- 
ing, since it had been determined that even minor cases of phosgene 
exposure should be observed ior at least twenty -four hours, utilizing 
Tore beds than were origin all,} thought necessary . Eecause of the in- 
creasing demand for x-ray examinations for diagnostic purposes, par- 
:.<enent x-ray equipment was installed in this new dis; ensbrj, to avoid 
transporting eij.pl .es to Cah Hidga Hospital . The uispensar. v.as 
ccplcted ana occu;ied duri..p JuS£ 1944. The original dispensary 
building "..as converted to an office unit for the Cha^istr^ Jot. anient . 

On 1 Kovewber 194j, Ir. James Sterner was free to assume 
the duties of director of the Medical Division> on a nart-ti-.e basis, 
' '.vith jr. 1. K. Streater acti. £ as assistant Director. At this ti...e, 
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the staff consisted of f..c doctors and six nurses . '. n 1 i -rch, 
1945> Ur. Cfcristcyhwr le^ro vxs obtained f rc, ; '-he U-..:'t<>» St: -os 
j ublic I'salt? 3cr j to beccsie Di^ot-. r ».f the i 3 .isal „ivi si >-.,., 
v.ith Dr. J;j.ies Sterner c. cti:-„& as j..-art-ti e consultant in Industrial 
Hygiene Control. The otaff, on 1 Julj 1945, consisted cf sevsn doctors, 
thirty nurses, nineteen technicians, and twenty -seven clerks and 
stenographers. "3y 30 June 1946, the staff had under jorre a .no aerate 
decrease to six physicians, 25 nurses, 21 clerks and secretaries and 
8 technicians. The Industrial Hyviene Laboratory was located in the 
f$fel(|j|5 original medical dispensary building from January 1944 until July 

. ' 1944, at which ti/iie the laboratory vias transferred tc the allotted 

space in the nev; ais ir.s . This . j U I. v ; jv j;.,-.rl ;-rs was 
necessitated by the increase in labcri-tcr,, /er-onnel. This control 
^ section was under the supervision of Dr. James K. Sterner fron its 

^gjjgji inception early in the. summer of 1943* 

(2) District Ledical Section liaison . - On 3 August 
• 1944, It. Bernard Vfolf was cleared to work in the restricted areas 

of the electromagnetic process, as liaison officer for the Lanhattan 
District I'.edical Section ind as radiologist. Frior to Lt. j'olf 's 
arrival, all x-rays taken at the Dispensary were transporter tc the 
Cal-c hid^e Hospital for final reading. Cn 20 «pril 1945, It. „clf 
was replaced by Captain L. Jafi'e as Liaison officer, the latter re- 
jaaining in this post until his ari..y discharge in Larch 19*6. The roent- 
genologist at Cak Rid^e Hospital reas3uj.ied, temporarily, the respon- 
sibility cf interpreting the Dispensary' 3 x-rays. On 11 June 1945, 
( Lt. Edward D. Frank wts clei re... tc i.erk at the Diss s.-isi- r; , a/u as- 



sumed the duties o 




in Edward Frank's re- 



lease from active duty in May 1946, the x-rays were once again sent 
to the Oak Ridge Hospital for interpretation. 

e. The Cost. - An estimate of the cost of the medioal 
service, from its inception to 1 July 1946, is given in the following 
figures. These figures do not inolude the first small dispensary used 
nor do they inolude the rental cost of the spaoe used in Knoxville as 
a pre-employment examining center, since these costs are inoluded with 
the personnel and safety budget and are not available as separate items. 
Cost of Construction of Dispensary #268,632 
Equi pment 45,073 
Operating Costs 

(a) Supplies, Maintenance and Miscellaneous 

$246, 950 

(b) Salaries 433,545 680,295 
Total Cost $994,000 

3-12. The Pile Process. 

a. General. - The pile prooess was developed for plutonium 
production from uranium (See Book IV of this history). The funda- 
mental physioal and chemical research on this prooess was done at 
the Metallurgical Laboratory of the University of Chicago, and small 
experimental piles were built and operated by the University at the 
Metallurgical Laboratory and at Argonne. Two installations were 
designed and constructed. One of these was a pilot plant, oalled 
Clinton Laboratories, at Oak Ridge, Tennessee, built for the study 
of production methods, and the other was the final production plant 
at Han ford, Washington. The general principles, on which these 
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pi i. tits ..ere bosea, were developed at the University of Chicago. 
The engineering design was made by, S. I. du Font de Lemours and 
Company, of Wilmington, Delaware, submitted to the scientists of the 
University of Chicago for approval or revision, and then constructed 
by the Du Font Company. The Clinton Laboratories were operated by 
the University of Chicagojuntil July 1945, at which time the konsanto 

* 

Chemical Company of 3t. Louis assumed responsibility for its operations. 
The Hanford Plant was. operated by the du Font Company with the advice 
of the University of Chicago. The three installations v<ere closely . 
interrelated. Key medical and operating personnel for both Clinton 
Laboivt cries and Eanfcra lln^ineer .7ori:s ..ere, in a lc.r^e part, either 
recruited from or trained at the i..etallur : ical Laboratory. Because 
experimentation had indicated that an operation of this type flight 
be hazardous, elaborate precautionary medical programs vere instituted 
to determine the source and type of hazards which might be incurred, 
to protect operating personnel against these hazards, to recommend 
the measures necessary in design for safe operation, and, in addition, 
to provide routine occupational care, 
b. The Process . 

(l) General . - Canned slugs of uranium are placed 
ir. the -lie in a pre-arranged manner, which subjects them to neutron 
bornbo. d.ient. The neutrons are produced continuously, by uranium 
iission, which occurs at a controlled rate in the pile. The effect 
cf the bombardment is to convert uranium 2jB into plutonium, and 
to produce certain other breakdown products of uranium known as 
"fission products." ivfter a pre-deterr.ined perioa of time, the 
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activated ura.rri.un. slugs are renoveu bp react e control fro. the pile 
tc teuporar; storage under water. TJ i a,- ire leaded under water into 
lead containers and transported tc <• separate watar storage area. 
After a period of storage sufficient to reduce the redioactivity 
of the iaaterial (by decay of the fission rroducts having relatively 
short half-lives), the slugs are removed in lead containers and 
transported to other areas in which axtn cticn and concentration 
cf plutoniir. is made. In these areas the uranium slugs are dissolved 
and the plut onium is rurified and concentrated, in cheitacal procedures 
carried on by remote control behind concrete shielding. The final 
solution fro;.; this process is vei .ove*! tc special isolation units 
in rhich the final axtr.-ction is ...ade. ..as-e jir&niu,-.. and by-products 
of the extraction process are 'stored for vhe : est art in under- 
( round tanks. Bulk,y, less active v.astes are delivered to settling 

i'«a*£4 ponds. Plutonium isolated at Hanford is stored in special under- 

ground storage vaults. 

(2) Uetal Frocessin and Sharirj; . - «t Hanford 
billets of uranium metal are received frc: cth^r District con- 
tractors and are extruded into cods. The reds are straightened, 
cut-gassea, cut ir.tc suitable lenrpths, :.:achir.,s;', ooatad and canned 
in a uannsr appropriate for use in the le recess. Trior tc the 
:c- letion of these facilities .t H-.-;.icr<i s •.'.5 Met., llurpic^l La'.cra- 
tcr\ machined slujs of uraniun ..letal and '..i. experiments in coati;:^ 
ar.i carmine of slit£S, an J axp;ri. o;.ial pcvrir.p. cf ur: ,'d.ih.-. ..-&tc-l. 

(3) Bxperinent :-l .or x . - Cherical and physical 
resea;-e* t.-n all phases of • lutr;.i:»;. . i v. luetic n wcr« cc;iductou at 
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both Clinti.li Laboratories and the i._duailur£icai Laboratory. New 
methods of operation were first investigates on lab oratory scale 
prior to inauguration of regular production procedures. In addition, 
particularly at Clinton Laboratories, considerable effort was ex- 
pended in study of methods of isolation and on the physical and 
chemical properties of the radioactive fission products from the 
pile reaction. As in plutordu^ production, "hot" uranium slugs 
were passed through the water canal, and tacceri in shielded con- 
tainers to special "hot" laboratories in which separation and re- 
search on fission products were conducted. This work was confined 
to laboratory scale. 

c . Hazards. 

(1) General . - The principal hazard of the pile 

( process results from the enoracus amount of radioactivity produced 

0* * *ft ±11 the operation. In addition, the plutonium and the fission products 

are radioactive materials capable cf causing serious damage if ab- 
sorbed in sufficient quantities (See par. 2-2 c(4) and 2-2 c(5)). 
Consequently, the most important factor in safe operation of the 
plant was engineering design, which protected against radiation and 
minijiazed contact with the materials. 

(2) ketal Shaping arid I rocessiiig . - The primary 
hazard of the various preparatory procedures is that cf breathing 
uranium dust. However, as indicated previously (dee par. J-7 b 
(6)(c)) the dust is the black oxide (1/303) and is essentially 
non-toxic. In addition, there is exposure of the hands to the re- 

^ latively weak radiation iron, uranium i&etal. Under ordinary con- 
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ditioiiS of handling, this constitutes a negligible hazard. Finally, 
in cleaning the uranium slu^s, acids and decreasing agents 
(trichioretliylene and carbon tetrachloride) were used. It seems 
likely that the use of carbon tetrachloride constitutes the greatest 
danger in this operation. 

(3) • Operation of the File . - The hazardous compon- 
ents of the radiation produced in the pile are neutrons and gaaa.ia 
rays and, to a lesser extent, beta rays (See Sect. 2-2 b). A tre- 
mendous amount of ccoling water is required by the process, and in 
passing through the pile this water and the air it contains become 
raaioactive and require special handling. The uranium slugi, and 
even the materials of construction of the pile, bee use intensely 
radioactive. Consequently, removal of the slugs and any repair work 
done on the pile require intricate protective procedures. 

(4) Plut oniuin ^detraction and Concentration . - The 
principal hazards cf these jirccedures result frcm nhe intense radio- 
activity of the activated uranium slugs, fro/a the rauioactive gases 
liberated in dissolving the aetal,. and fro/a the toxicity of plu- 
tc~iur.i and the fission prciicts (See par. 2-2 c(U) and 2-2 c(5)J. 
The toxicity of these materials becomes import uit only in the final 
sep^-raticn of r lut cniuii. cr _r. case of accident, iacpiing procedures 
throughout tne process introduce the additional danger of spills 

of active material. Finally, waste solutions froc the process, 

containing uranium and fission prcaucts, are hazardous because of 

the radioactivity present and the toxicity of the materials contained. 

(5) Experimental Work . - The research work on plu- 
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toiiium production and on isolation and purification of various other 
radioactive isotopes was accoxupaniea by all the hazards encountered 
in the pile process production plant. In sue instances the hazards 
were greater in the laboratory than in the* plant because of make- 
shift shielding and equipuier.it. Then, too, safe practices for ex- 
perimental work could be developed in a general way only. Final 
formulation of specific rules had to await information obtained 
from the research work. In certain instances, also, familiarity of 
the scientists .with radioactive materials made t!<ea less cautious 
:f-Hp^ than they might have been. 

d. Hazard Control . 

(1) General . - Hazard control was dividec into 
the following parts: monitoring, which included ;..ethods of check- 

( ir:g personnel, plant areas, atmosphere, and wastes; and protective 

r ^ procedures which concerned floor and table coverings, protective 

clothing and equipment, and methods cf rotating employees in hazard- 
ous areas. Automatic controls were installed to stop the apparatus 
when over-tolerance levels of radiation were reached. 

(2) ko nit or in a . 

(a) Personnel . - All individuals v,crk_ng on 
the pile process, at all Lhree locations, were carefuiij checked 
to insure that hannful amounts of radiation were not received. 
All persons admitted to areas at Clinton and iianford which could 
possibly have significant amounts of radiation were required to 
wear two pocket ionization meters and a filn badge (See par. 2-5 c). 
This routine was the usual practice at Chicago, but w^s not c ampul- 
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scry. The pocket Liters were read wil^y cjiu the film badges at 
intcrv.-ls of cne or two weeks. 11* the j ccket meters indicated that 
exposures above the toxerance levej. of u.i roentgen of beta or ejaii&ia 
raoiation were received, an iniiieuiate check of the type of exposure 
w»s r-aue, anv. corrective ^.©usurss ivore ....stituteu to prevent rs- 
currerice. Icciviuaaia v.'hc receiver .ere than tolerance amounts (a 
rare occurrence) were oba«rv«sd closely for a period of tir..e to iiisure 
that no bodily damage was incurred, hadiaticn of the hands Was 
checl.ed by the use of ling film meters or wrist -badges (See par, 2-5 c). 
In adaiticn, finger ridge impressions were taken at 3 month intervals 
of all employees handling radioactive .materials (See par» 2-5 c^4)). 
Chan E s^ i»-. the fingerprints of any individual was sufficient excuse 
to effect an imaciate investigation . kt Chicago, as a further 
checK, atuaies of tne capillaries cf Lhe mi us were also ir.ade, and 
at Che end of every shift the gloves, hats, shoes, respirators and 
protective clothing oi employees working in r alio actively cor.tanu.riated 
cjreas were tcsLt-o.. Clothing contsa^iricitea with radioactive material 
was sent to a special laundry for dec~ntaoinati^-i. li evidence of 
over-tolerance activity still existeu in this clothing after laundry 
procedures were carried out, it v,-s either aiscijrdec. or stored until 
such excess activity dij.-ir.ished b; natural radioactive decay. Hand 
counters ;ver j used to determine excessive hand contaiidnation, and, 
if contaminated, the hands were cleaned by scrubbing or chemical 

methods. 

(bj Plant Areas . - AH hazardous working areas 

in the rlants were r^oriitored, b„, continuously recording instru- 
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ments, equippea v.ish attOKiatic aiiirn. aevices, v.hich were set off 
as soon as the tolerance leval of radioactivity was reached (See 
iipp. C 23). Biological monitoring wua also carried out at Clinton 
Laboratories, by placing rabbits and rats in strategic locations, 
to determine v.-hether long continued exposure would have any signifi- 
cant effect on them. A specially trained staff of workers examined 
all v.ork areas, apparatus, equipment, tables and hoods at regular 
frequent intervals to determine the presence of harmful levels of 
radioactive substances. Analyses were made of the air to determine 
the concentration of radioactive dusts cr gases. 

(c) Atmosphere . - All gases and furies emitted 
bv x.i.6 . lis and the che;nical separation process axhauat stacks 
wer» examined carefully in order tc revent <jiy hazard to the : yl«jit 
arsts ar.d to the surrounding region. Continuous checks -aero, isada 
• for the presence and amount of radioactive gases by the use ci 
recording .analysers aia film packs . This equiuaent was in strategic 
locations in the i..M_eoiate vicinity of the three installations, with 
other Uiits at distances up to several miles froc the stacks. No 
hazardous concentrations were found at any time. Saae biological 
jsonitoring was carried out at Clinton Laboratories bj introducing 
anio^ls directl„ into stack gases ana examining then at intervals 
to aettr;:d.ne whether injury had occurrea. To d ate no injurj has 
been ueiuoi.strated (See App. B 4). 

(d) Water . - Large quantities of water are 
usea in the separation and decontamination procedures. Continuous 
...c.itoriwg of this waste for rauioactivity was carried out, in order 
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to prevent radioactive -proaucts froc; bein c ; aischar t :«su iato the 
stress in the vicinity. All the water alter use urair.aa into 
hcldine. ponds where it was axlovea to remain until its activity wa3 
reduced by precipitation and radioactive disintegration, in addiv 
tion x.0 the check cn the water, additional studies have -been carried 
out on the aud of the stream bed, trie plant life ana algae and the 
fish population at optimum locations (See App. B 5). 

(e) maintenance Work . - Laintenance y;ork in 
any of the hazaraous areas was precedea by ;-oaitorins surveys and 
a job analysis. After careful evaluation, special protective equip- 
ment such as clothing, respirators, go^^les, and fcicves rArht be 
required. The nuordtoring was continued tiuri.".^ tiie entire lariod 
of work. Upon coa.pietioii, special examinations were —aae of instru- , 
^ iants, tools and clothing to detect any unusual acourit of radio- 

activity. Pocket meters and film badges v.ere read ani every por- 
sible precaution was taken to prevent over-ex; c sure . 

(f ) Miscellaneous. - Special surveys for radio-. 
i.'-ty'i active contamination were niade. periodically in the cafeterias, 

laundry, office buildings, and other locations within the plant areas, 
tc detect the uepositiai of irdnute quantities 02 raoicactive i.cterial. 
ohec.-ts were -.aae on the atcios r heric content 01 j.eaa the lead shop 
•where the lead siields for protective u»J.ts Vers faLncateu. 

(3) Protective Procedures . - Special protective 

a 

apparatus and procedures were found necessary to eliminate those 
hazards which could not be controlled by engiceari-'n; -esi^r. and pro- 
> cussing >..ethoas . as previously stated, these induce tne uie of floor 
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ana talie coverings, ; robecbive a* j.cjraous ana equipment, aid regular 
rotation of employees away i'roa hi 6 h exposure areas. 

(a) Floor and Table Coverings . - To guard 
againsb high radioactivity in bhe concenbrabicn and isolabion pro- 
cesses where bhe concentrations of plutonium and obher substances 
of bhis type were coinparabively high, worK bencl.es, tables and 
floors were covered wibh paper which in burn was' desbroyed and re- 
placed ab regular ii.bervals. In some laboratories glass bops were 
found bo be preferable. 

* 

(b) Probecbive Clobhing. Apparatus and Equip- 
ment . - Periodic change^ c;f protective v;orx clothing for all employ- 
ees working in planb areas v/as required. This included coveralls, 
gloves, habs and shoes. The perioas of tlze bet.,een changes were 
determined by the type of work perl'cir..ed, possibility of exposure, 
and actual contamiriabicn as debertftined by bhe luonitoring for radio- 
active materials. In certain hazajrdous arias clean clotiang was 
regularly issued d&ily. Special gloves were -*orn in carrying out 
those operations which necessitated exposure of the hands bo radia- 
tion or conbarainabion. ttespirabcrs, pravicuslj besbed for efficiency, 
were worn in all mainbenance work involving exposures bo bhe radio- 
acbive dusbs of fission roaucts and -lutonium. Goggles ware issued 
bo all employees engaged in operations in %hich a possibility of the 
contamination of the eyes existed. 

(c) Robabion of Employees . - If ib became nec- 
essary for certain employees to receive radiation in excess of tol- 
erance for a liuiibed period of biiae, bnose workers >.ere then removed 



froi- the hazardous work ana reassigned to ether rauiati on-free areas 
for the tiiui required to aeterndne that no damage had been incurred . 
There were very lets of these cases, the actual number not being available. 

(A.) Medical Examinations . - The medical control 
of the health status of plant employees was exercised by the 
following taca:J nations. All employees received a p re -employment 
examination before being hired to work in the plant area. Interval 
examinations were carried out at specified times, for general 
health control and to determine whether any damage, due to expos- 
ure tc radioactive materials, had been incurred. A termination ex- 
amination was carried out at the tiiue of discharge, to determine 
whether any ci.aii^es h&d occurred which might be related to exposures 
to rwjicactive hasaras in the plants. The pre-empioyuent examina- 
tion ii.clu.iei a cocpiete physical exaudnation, chest x-ray, coiiplete 
blood cour.c, urinalysis, and a serological test for syphilis, 
Physic iJ; exacinati'wiiS v. ere repeated at intervals of 6- to 12 months. 
Laboratory exaninatiens varied in frequency, depending on the degree 
of hazard, and usually consisted of blood counts J and urinalyses, re- 
peated it intervals of no more tian one month icr persons in hazard- 
ous areas. Ternd^tion exai^iinations were similar to the pre- 
tij^jio^^nv exa&d nations, dpeciul attention v.as cdr.uted toward 
the aetectior. of changes cue to raaiation. The transfer examination 
on employees moving to other areas was identical with the termination 
examination. AH plant personnel working elsewhere in the areas re- 
ceived these examinations at intervals of three to six months. Oc- 
casional bicod ar.v. urinary examinations for leau y.x-re carried out 



v.: iiivj.viuuc.i3 \'ih,o had ejqrosure to lead. 

(;v Evaluation of Hazarc Control . - The methods 
iiiciciitea above ; .roviue-_ cc;_plete ..rotectiou oi ohe individuals 
working on the various phases of the _ ile process. To ...aintain 
such hi^h stc-iiUcJas cf protection necessitate- a very considerable 
expenditure of ener^ , and the number of persons requireu exceeded 
by fur the nuciber usually assigned to this ty. e cf v.-crk. hs an 
additional protective i^eaflure in these eratiens, a v=r^ conser- 
vative vaev; was taken of the dosages of radiation ana cf radio- 
active substances considered safe for long-continued exposure, 
ana additional factors of safety were ii.croducea in ...est instances. 
The fact that nc evidence has developed to ;.ndic te that anj 
individual has teen injured in aitf way bj the special hazards of 
this process, is considered to be a::ple justification for the 
efforts expended* 

t -~ General Industrial Hygiene . 

(1) Hanford Engineer Works . 

(a) Objective. - The Industrial Section of 
the Leaicai Depart;.ent at Hanford was responsible lor: determining 
the physical status cf {Applicants for work in the pile process 
plant* in order to utilise cost elf ec Lively the manpower available; 
the protection of the employees <^nu the i uulIc fro/u over-exposure 
to rauiation ana radioactive substances, by appropriate exaiuina- 
tions of the plant environment ana of the plant personnel: the care 
of occupational illnesses and Injuries; and the minor medical care 
necessary to reduce absenteeism. 
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(b; Ccsu-atioj;ai an^ I.on-Lc emotional Logical 
Care. - The Industrial Section was respor.ail.le for the treatment 
of all occupational illnesses and injuries. Linor cased vei-e carea 
for at the first-aid stations. Patients requiring hospitalization 
were treated in Xtdlec Hospital at ltichland, iiashington. Close 
liaison was maintained, betv.esn the physicians of the Industrial 
Section and the staff of the hospital. As a jitter of jolicy, 
treatjnent was provided by the Industrial Section also for minor non- 
occupational illnesses and injuries, in order that tvorki^en could 
receive treatment with the least possible lose of tin* from work. 

(c) Ke^ation of Industrial iieaicai Liviaion to 
Operations. - a Special Hazard Ca&dt^ee was established in ifoveuber 
19AA, as a subcoi^ttee of the Centrai-o&fet;- Courdttee, to act as 
the liaison group between tl^e Industrial Leuical oecticn of the Med- 
ical Department and the Operations Supervisors. The Comau.ttee re- 
viewed various radiation hazards and issued special bulletins out- 
lining the control procedures to be used by plant personnel. Respon- 
sibility for radiation safety was prijuarUy charged to the department 
concerned with any particular operation. The Health Dupartjnent In- 
strument Group of the Industrial Lecical iLiv-sion Were required to 
keep the departments infor/tea cf tne existence of unsafe working 
conditions or* operating practices. The Health Instrument Group 
also provided an educational ^irogruu for • siv ervi a ors on radiation 
hazards and protection. 

(d) Catastrophe Program . - An area evacuation 
plan was devised, and revised periouicaily v.ith c hanging conditions. 
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' The first-d-d units v.tsre instructed, if evacuation of the area was 

ordered, to answer emergency calls, and, alter completion of these 
duties, to pick uj. their personnel and establish Held headquarters 
in a location designated bj the Health Instrument Section. 

(e) Organization . - £. I. du Pont de Nemours 
and Company, the prime contractor, accepted the responsibility .for 
all medical care required in the operations phase, both the industrial 
and co&ounity medical care. Dr. W. D. Norwood was chosen in Feb- 
ruary 1943 to be Director of the iiedical Department. He was es- 
pecially qualified for this position as hclder of a degree of taster 
of Science in Klectrical IDn^neei-iiig, in aauition to long ejq,er— 
ience as an industrial physician. Doctor Norwood received indoctrina- 
tion in the special hazards of the Project at the itetailur^ical Lab- 
( oratory of the University of Chicago and began full-time work in iiich- 

iSflljiiiy land, .Washington, during Larch of 1944. He was joineu in September 

1944 by Lr. S. T. Cantril, a specialist ir. radiology froiu Seattle, and 
by \Dr. H. L. Parkar, a specialist in radium dosiibetr^ . Doctor Cantril 
and Lr. Parker had both had considerable previous training at the 
iletallurticel laboratory , ana had been active in the direction cf 
t;.e Ledical Leparu..ent of Clinton Laboratories. They became the 
heaas of Inaustriai Leaicine and Health Fhysica respectively. Addi- 
tional physicians, nurses, technicians, and other helpers were auded 
as the needs of the Section increased, until & total of 81 persons 
were directly ex^loyed by the Industrial Medical Division and there 
were 145 in the Health Physics Group. 

(fj Facilitie s. - The principal headquarters 
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ol* tae In-uatnaj. Ledioul division was in Kaoiec Hospital (bee App. 
C 16). Space and facilities were available for pre-explcyiaent phy- 
sical and laboratory examinations, and for the adudnistrctive of- 
fices of the Health Physics Group. In addition, first-aid stations 
were established in each plant area (seven in all), to care for 
cinor illnesses and injuries and to conduct periodic physical and 
laboratory excitations. All of these stations were open cn a 24- 
hour basis except the one in the 3^0 area. The work schedule in 
this area was only one shift per day and the first-aid station was 
operated accordingly. The first-aid station in Kadlec Hospital was 
usee for patients requirir»g specialize^ care r.ot available in the 
areas. lifter 1 February 1945 this station also served as the Village 
emergency nodical center" from 4:00 p. in. to 6:00 a.._. 
( (i) Records . - The records of the Industrial 

** ; Lledical Dapartcent are kept separata from all other hosj ital and 

clinical charts since they comprise part of the anplcyeeis employ- 
ment record. These nacd-Cal records are luade in duplicate, the orig- 
inal being kept in the central record room of Kadlec Hospital and the 
duplicate t oi.-£ to the area first-aid station. If an employee is 
cransferred fro.;. Hanford to another Lusnhattan District ^reject, a 
cholestatic cop., cf the record is forwarded. The supervisor cf 
isiuustriax aecucal records is also in charge cf cental:;, accident 
and health insurance claims, the clerical v.ork relative* tc ^ecdcal 
leaves and absences, and the necessary contacts with the ecploysient 
and security u-.;rartxuents to insure that prior medical approval is 
receiveu before ejuplcyeea ana visitors are permittee: in restricted 
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(hy The Cost . - The net exj en3e of the Indus- 
trial Keuicai wivi^ioii i'rci.- its insej.irioi: through 30 June lyi+o, 
exclusive of facilities, was $2, 581,156. £5- 

C-i) Clinton Laboratories . 

(a) Occupational and Non-occupational Care . - 
The care of all injuries received while working at Clinton Laboratories 
was conducted in the medical dispensary. This type of service formed 
approximately 25 per cent of the activity of the first-aid and treat- 
ment section. The remaining 75 per cent of the work consisted of care 
of non-occupctional miner illnesses. Close liaison was maintained 
between the dispensary physicians aim the worker's personal physician. 
Any patient requiring hospital care f cr either occupational or non- 
occui t-ticfial illness was closely follov, r eu. 

(b) Relationship to the Safety Department of 
the Clinton Laboratories . - The Cliief of the iiedical Division was a 
member of the Central Safety Cou&dttee cf the Clinton Laboratories, 
which met at monthly intervals, to set doim measures for the control 
of the hazards occurring at this installation. For the control of 
special medical hazards, a Subcommittee on activity Hazards was 
formeu. This group, whicn -it' usually at mcntiiy intervals, formulated 
an extensive manual on the detection and control of hazards from 
radiation. In this publication measures were established for ef- 
fective control of the radiation hazards of 'each area. All sub- 
major and major accidents required a combined investigation of both 
the Safety and the Ledical iJepartmenta, kinor injuries were invest!- 
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gated b„ the oai'etj wer-.artxeut o..xj . all injuries were investigated 
vdth particular c.je if there was t chcai.ce of coiitar.jjiat.iQn by radio- 
active jii&tericJ.. neporta were .uade tc the Safety Section of such find- 
ings, and control ..jsasures were set up by the combined effort of both 
the buiei} and the Ledical organizations. 

(cj Catastrophe Program . - Two catastrophe pro- 
grams were organizea to provide for the protection and treatment of 
plant personnel in the case of a £.ajor emergency. One prograa was 
established for the uiintor: laboratories alcue, and the other was 
organised as a part ti* a arou : . enterprise under the control of the 
Co... lila^e ilea; ital. 1 rovioiu.s were aaae u:&»er both \.lans for the 
evacuation of the iant arei, «nd the treatment of all injured 
per scan el . 

(d) Other Activities . - The medical division 
also supervised general sanitation, water purification, waste and 
garbage removal, and the li.;e. a visiting nurse service was also 
joaiatained for the home visits and care of certain patients not 
sufficiently ill -o require hospitalization. 

(e; tr^anization and Facilities . - Since the 
ai&jor hazards ci z;.e .lie operation were ..ell defined before con- 
struction was stai'&e. at Clinto-j laboratories, it was possible to 
rrocure the .medical tcrsu.-ei Le_ ore the facilities .were completed. 
The selection of inoi\iduals i'a..ixiar <ith hazards which would be 
encountered was made by Dr.fi. S. Stone. Under his direction the 
general policies of hazard control for the pile process were deve- 
loped* iLxperience vtas gained ax. the nrgonna experimental pile and 
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the University of Chica u v Latallur J.C&1 Laboratory. In Scctenier 



cal Division. In July 1944 Dr. John E. Virth was appointee, to the 
medical staff, and in September of that year he succeeded Dr. Cantril, 
yho was transferred to the Han ford Engineer Jorks. A medical dis- 
pensary was planned and constructed to proviue for routine exami- 
nations and necessary first-aid and aner^aicy treatment of an esti- 
mated L200 employees. It provided a first-aid and emergency treat- 
ment room, a four-bed ward for care of casualties, a >;dncr surgery 
rooii., a clinical ltborator; , and six combination ufi'ices and treat- 
ruerit rooros. Construction cf this buildirie. was started in April of 
1943* „&nd in August of 19^3 the first pre-employment physical exami- 
nations were carried out. Additional space was later provider for 
the health-physics (monitoring) and instrument laboratories in the 
new Health-Physics building. The radical facility at present is 
staffed by the chief medical officer, jr. ,iirth, ai»d three assistant 
physicians. Six to seven nurses have been oufficiai.t to permit the 
dispensary to be open for the complete 24 hmr shift. Apj.roxi/;.ately 
six pre-enjiloyoant and five to six terrination tr trar.sfar e:>ca_i- 
■nations have been carried cue aaii; since the jToject started. The 
Korkin£ ^ ov ulation has re^Aineu v.ithin the e^ctre;. es of 1100 uo 130C 
at all times. Ap t .roxi,..£.tely $0 to 130 patients are seen daily for 
iirsi-aid and e^ei-gencj treatment . Routine and special exaioinaticiiS 
for persons in hazardous are&.c ars also carried out. 

(f) The Cost . - The expense entailed in ..rovidir.g 



of 1943 Jr. S. X. Gu'.tril was transferrer fro., the Letallurgical 



Laboratory to Clintoi". La":. oratories and placed in charge of tLe ^edi- 





(Par. 3-1 2a) 



industrial ...edicai service at Clinton Laboratories fro;- the yturt of 
operations until 1 July 19a6 is estii-Atad at „3oc,COC. This neurit 
includes as. expenditure of vlQ%GGO> for facilities, and rlSljOOQ 
for operations. 

(3) Metallurgical Laborator;, . 

(a) Cccut. atiorial cad I'on-oc cu' ati onal i-edical 
Care . - All out-patient occupational and non-occuy ati onal uedical 
car© of ej^jloyee..' of the Metallurgical Laboratory was \ arformed by 
project physicians. Dispensary facilities for this service were 
maintained in Billings Hospital of whs Uh_versit;, of Chicago froc- 
June 1942 until 1 July 19A4, an- since that ti.;.e ser , ice has been 
rendered at ^re^el House, the l.aalth csnter cf this Univercit,, . Far- 
sons requiring hospitalization for oocu;:atii ...:1 illrsss or injury 
vera placed in idllin.s '-Icspital under the care cf a :..B.i;or -X the 
regular attending staff. Sftloyaes were furnished cut-patient care, 
vdthout charge, for non-oc cupat Icnal illnesses l. a accidents. This 
service u : s provided to minimize the ti.i'.e lest b w reason cf .udncr 
illness, aiid also to ascertain that the illnesses were non-cccupa- 
tional. Hospitalization *nd- physicians fess i'cr non-occupational 
illnesses injuzdes viers n-t rcvide_. However, project physicians 
ciaintw ::ea clcstj li^-iaon '..ith ir.e physicl«j*»s caring for hos^ it..li^ed 
personnel, dtaff physicians frcs. Billl:.± a Kcsjital provide-;; consult- 
ing service when consultation \rcs necessary . 

(b) Relations! .d: to the Safety Department cf 
I..etalliirr ic al Labor ator;,* . - 7?.e Safety Oepart..jcint accepted the respon- 
sibility for ordinary safety an- -fire , revention. The dection of 




Clinical I-eaicine •.,££ responsible for all radiation hazards, for safe 
handling of radioactive materials a..d ere. deals. .hen. a situation 
involved both departments, conferences wera held and the lines of 
responsibility were determined. 

(c) Catastrophe Program, . - Because cf the iiiany 
safety features incorporated in the operations at Letallur&ical 
Laboratory, no catastrophe pro. ram was considered aecessar. by the 
University of Chicago, and none was organized. . 

(d) Other Activities- . - A nunber of the phy- 
sicians employed by the Metallurgical Laboratory for this Section 
devoted their tine tc clinical research. H-is v.ork was directed 
prLsaril u toivard tests which would indiccte early damage fro.:, or 
provide jneans of measurin.. , absorption ana excretion of the ^Aterials 
in use. 

(e) Organization . - Jr. Robert 5. Stone, asso- 
date director for Health of the Metallurgical Project joined the 
project in July 1942. He was assisted by Sr. Leon Jacobson, who 
was consultant to the project beginning in January 1942; he started 
giving half-time in Novecber 1942, and became a full-time staff 
i:iti;aber in July 1943". Or. S. T. Cantril was added to the staff in 
August 19-, 2. (Ke became uirectcr of the Leuicai Department of 
Clintcw Laboratories in Sdp timber 1943* ana in SepterJjer 1944 he 
was transferred to Honforu iingineer .<orks tc he. -.a the Industrial 
Leuicai Fro^rt-u under £r. D. Norwood.) Dr. J. J. Iiickson and 
Dr. Llarj^aret Nicks on were employed in September 1942 and Uay 1943 
respectively . The f ollov.in^ doctors wtre addea on the date indi- 
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oated: Dr. S. Schwartz, November 1943; Dr. E. S. G. Barron, Novem- 
ber 1943; Dr. C. J. Watson, November 1943; Dr. E. Clay, 15 March 
1944; and Dr. J. G» Allen, July 1944. 

Dr. Robert S. Stone has been director sinoe 
coning on the project* His first assistant, from August 1942 to 
August 1943, -nas Dr. S. T. Cant rl 1 , and, sinoe May 1944, has been 
Dr. Leon Jacobson, Dr. Jacob son has been in charge of the blood 
laboratory sinoe ooming an the. project, and since July 1943, he has 
been in oharge of clinical oiedioine (medical care of occupational 
and n on- occupational illnesses and injuries) and of olinical investi- 
gation (speoial laboratory procedures to detect injury by, or measure 
excretion of, chemicals) . In this work he has been aided by Dr. 3. 
Sohvreirt a, in oharge of biochemistry. Dr. E. S. G. Barron, in charge 
of Enzyme studies, and Dr. Margaret Nick son, in oharge of skin 
studies. The clinical medicine at the start nas done by Drs. Cantrll, 
Jacob son, M. Nick son, and J. J. Niokson. It was delegated IS March 1944 
to Dr. E. Clay t*io continued until 21 July 1944. Since that time the 
olinical work has been done by Dr. J. G# Allen; Dr. C. J. Watson has 
acted as consultant to this Seotion and also the Biological Bssearoh 
Section, Dr. H. Nickson has acted as a consultant y only ? since November 
1944. 

When Dr. Jaoobson was made Associate Division 
Director in May 1944, the Industrial Hazards Division, previously 
included in his Seotion, was removed, and Dr. J. J* Nickson was 
made Seotion Chief. 

Approximately 19 persons marked in the olinioal 
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' oieoical section, about 30 in clinical invistiu-.icn, axi an av^ra^e 

of 36 in the Industrial Hazards section. .;)rcxifli£tel^ 90 persons 
were attached to the Medical Division at the peak of employment 
(2500). At this level, there was a turnover of about 200 persons 
per month, and the number of exajninations, incluain^ pre-enplc^nwint, 
interval termination, occupational and non-occupational types, totalled 
approximately 1,000 per month. The rather large uediccl staff was 
necessitated by the hazardous, laboratory -scale experiments, and 
the considerable turnover of personnel. 
^•P^ Facilities . - From the start of operations 

until July 1944* cispansar^ facilities of Billin~s Hospital were 
used by the physicians of the ^Metallurgical I'roject. Since that 
date facilities in Drexel Kov.se have been usea for <= J.sj;enserj . 
( This installation -roviaes out-paticint facilities, similar to the 

average physician's office, suitable for treating ifd;:^r illnesses 
and injuries and for making physical examinations . In addition, 
a s_all laboratory was provided for making emergency laboratory 
Sill^jii, examinations. Routine urine and blood axaninstions were dene in a 

laboratory located in Billings Hospital . 

(g). The Cost . - l"o breal-.do-.vn of th« -;ost :f 
^.tin w this service is uvcilablt. It is i ; cluu.3~ ii: tho 5.._~-;isj 
c i the Health 1 rc . raa of the I.stallur jical labor:, tor; at ChicL.30. 
3-13 . Folcr-itia Production . 

The need for polonium (cr 1-adiue F) as a neutron 
source for use elsewhere in the District was foreseen in early 
( ij.a £.ccorii:-ijlj a -ixicessing program was instituted at the Lcnsanto 
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\ Chemical CoiWian., . 

a * j rocess . - Units J'j ana ,t'4 of the Monsanto Chemical 
Cc^paxrp at Oajton, Ohio, v.c-re set up for the extraction ana purifi- 
cation of poloniu/n. From Novejcber 1944 to Januu-y 1945 & s;:.all amount 
cf ; oloniuDi ".fas extracted fro;., r; uioactive lead ores, but during 
January 1945 this : recess was cbanicr.si. Concurrently with the ex- 
traction fret, ra j oactive lead area arid continuing up to the present, 
a second t&thod for preparation of t . oloniua has been in use, which 
produces a raich larger amount of polonium than can be extracted from 
|^jP| lead are. The polonium is artificially produced in a pile by the 

neutron bombardment of bisnuth. The polonium is then che;aically 
extracted, frc„i tha unchanged bismuth rex^inin^, and further purified 
by phy3ico-chet.i.ic£l procedures. « detailed explanation cf the pro- 
f cess can 'be found in the volurae concerning the los «lsr.os Project. 

b. Hazards of Foloniui-i Frodue tion. - In aa.-d.tion to the 



hazards of cheiuicals in general use such as acids, alkalis, etc., 
there re re two special chemical hazards noted only in the process 



using the radioactive lead ores. Theso hazards were exposure to 
lead and tellurium. The major hazards were due tc s.lpha radiation 
free poloniuraj bote-, and pa'..-.*, radiation frc; the precursor cf I-dlcn- 
iu:.i (I.aiii!j:i ?); and j-ita a.;d ;c-.ax reflation Jr : •; -ivatsd Lv?uri- 
;,ies such as silver • .id irc:> (ieo p:-r. 2-2 b). Tt.saro ■■■■:s alac a hazard 
frc. t; e tc:-ac-:t; ; f , olo:d!v. per S3 (oes per. 2-2 c(3)). 
c. L.e:;lcal Gontrci cf Hazards - . 

(1) General . - The industrial hy t iane program for 
control of occupational hazards at Dayton \izs imd^r the uirection of 
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the Industrial ical Livisicn of the Lanh&tt&i. Ldstilct 'euisal 
Section. 

(2) Leuical -jcaalr ations . 

(a) Pre-employment . - Fre-smploymenti physical 
examinations v;ere ...acdatcr; cn oil inca.d.nt employees. These exami- 
nations served as a bcse line for subsequent examinations ana also 
insured the ^axinuiin use of available iiiamDOwer in job situations 
suitable to the employee's best interests. The examination included 
a brief medical history, a physical examination and a»yk-ray of the 
chest. Laboratory examinations of the blood and urine were performed 
2nd blood serology was dene as a check for syphilis. 

(b) Interval jjcaadnations . - Periodic physical 
examinations were perfor&ed on the exposed employees every six months 

( while the unexposed perscnnel v;ere examined once a year. Routine 

complete blood counts were done on the exposed group monthly while 
the unexposed group were checked every three months. Urine analyses 
were done on the exposed group weekly and on the unexposed group 
monthly. These examinations were designed to detect early signs of 
toxic effects frcif. v.ork with polonium. 

(c) -Termination Exaltations . - './hen an em- 
ployee was teriiiinsteu, he was given an examination much like the 
pre-employment examination, to deternine ..hefier he haci received any 
deleterious effects from his employment. This proceaure was of 
benefit to both the terminated employee and the employer. 
(3) Monitoring . 

1. (a) Atmosphere. - ill recirculated air was 
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uonitcred daily for radicactivitj, ~r.u the circulating ducts a<ii 
precij itron v. ere cleuied uid ueco. Marinated on the basis of the 
readings obtained. The atmosphere cf all "hot" laboratories was 
also monitored daily. 

(b) Radiation . - Because of the large amounts 
of radioactive material present it was necessary to nake daily 
■ counts of all working surfaces, including the hoods in all labora- 
tories handling active laaterial . To facilitate job procedures and 
prevent excessive radiation cf employees, detailed monitoring of 
routine operations was done on frequent occasions. Special or oc- 
casional operatidns v.ere carefully nonitored to prevent accidents 
and to supply date for future reference. *11 contiiners of active 
iiiaterial were -loaitored before shipping. 

(c) Feraonnel . - S'^loyees expose J to polonium, 
had urinalyses for this element weekly v>hile the unexposed employees 
were checked acnthly. Analyses cf blood and feces lor radioactivity 
were r.i&de when indicated. Routine beta and gaaoa radiation monitor- 
ing was done on all personnel by the use of wrist films and pencil 
chambers. Twice a day routine hand counts were done on all personnel, 
and all clothing entering the laundry was aonitored before and after 
laundering. All exjosed perscr.r^l v,e re fingerprinted (See par. 2-5 c 
(4}} every three months as an added precaution. 

d. General Industrial hygiene . - The care of occupational 
and non-occupational illnesses' and accidents offered at this instal- 
lation was limited to that which could be handled by the registered 
nurse in attendance at the dispensary . Illi. esses and accidents of 
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more than ;.±ncr nature were referred to Dr. Lynn Baker, v/ho was a 
physician in tlte part-tiiue employ of the company. 

e. Organization . - Frori the tiiiis of its inception until 
April 1945 the Health and Safety Section wcs under the direction of 
L. L. E. Silverman. In April 1945 Captain (then Lieutenant) 5. 3. 
Wolf was assigned by the District ledical Section to take charge of 
the Health Program. It. J. T. Faust was assigned by the District 
Safety Section to take over the Safety Frograiu. After Lt. Wolf's 
arrival, nev,* personnel v.ere rapidly added, in order to keep tho Health 
Program abreast of the nev.- problems created by expanding production. 
3y 30 June 1945, the organization consisted of 27 people, most of 
v:hoa rere assigned to the Health Physics Department. Captain 3. S. 
.iolf was reassigned to Keiv York City in Lay 1946 and was not replaced. 

f • The Cost . - Tha esti/nated cost of the Health Program 
fro:.i October 1943 to jO June 1946 was v243,000. The bulk of the cost 
was for salaries. The cost of special moi.it oring equipment is not 
included in this figure, as it r.as obtained fron the L'atallurgLcal 
Project and the Clinton Laboratories and is included in their pro- 
gram. 
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SECTION 4 - CLINICAL eSDiCIHE AND DSKTISTRI 
4-1 • General . - Provision of medical and dental' c^e and re- 
lated .services, for both the 'Clinton and Haiford Engineer iffdrks, pre- 
Rented' numerous idifrfi<wlt k to^^^^ ^otile^M^^^|^a^i35.ti 

, ./ , . ' 77*^'- . / • j' 

« . > • - i * " » •' f ~i r .»V * . •. • 

tod' personnel vrere^rossl^ 'inadequate td care^for the influx of ./eon- 

*tmetion, and 6 -Derations en^loye^Bs. JLt yak; necessary}? thwe^jCtire^ %o - j 

accept the responsibility of providing essential mo&cal 'sWriceV: in 




«" both., areas.. f : ihe contractor at Hanfor4 accspcod jcocSpi/ *™"-~*~> ^ 
for this service " """" ' 1 



ce, and -the Medical Se^tic^ '«f;:thaTa^^^a^&i*^^€~.' ' .v 



*** > v^a^^^ed^nly 'ti^^tc^l® 

hospital and medical services were provided* v On the other "hand,. 'at 
Oak Eidge, the Medical Section was required. to organise the 'complete 

v?. - . . - • ' . •• " i=r.-.-- ,:: : i..'y 

br^.graa of iaedical care Snd to operate thtf.r&cilities e^ibi'lshecTt 

H 
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In this instance, because of the urgency of the.progyam^aiH^e^Siecur-, 




pblici'e'ff'^ere determined by the Ad^aic^st^aMVe 
Section.' 



rs- V' » Kyi- c - 

caU^,'S'|f " * 



^/'l^ ^nicai-feedicine^ 




1 ; ; . • ' The Kedi cal r Program 

(l) Coonunity Needs ; 



."1 . \ ..... J. . - ••■J* 1 "' . k. '. r_ ft. *J?.-w, ■ ' • k.V-/^ • . • ••*-'» - t ■. /*■ . . y 



(a) Estimated Popnlktibn ~ ^-10,000 ." -'^The origL- 



- 7 nal plans for establishing medical servic^a^*Cteic:- Sidge »e*re 'developed * 4 ' ' w\ i 
I v^-to.'^rovid^.iesseht'ial care 




( 



contagious diseases and any other illness which made it impossible to 
leave the doradtory for food.. In addition, the large tefiristruction * 




It Was considered advisable at this time to attempt to .provide essen- 
tial .services without any increase in facilities, sines with a popula- .- Irf 



c 



„LSaa>t -50^^v^Became of ftfcejfj . 



H-#v& '- ^-^ts^aaiaitioto hostdtaa/f armies, were- "planned ^prwMa^^os^W^ 

p'ital t>eds sper. thousand. Two 100-bed units, and a complete out-patieiroJ^Tr?^--v^ 
department were, authorized. .The first 100-bed addition '.was • started;lft^?f$|M(if^ 

;-v '• - - v t ^*^-^B^j 

Uarcif%94A and' tjompleted in July 1944. This unit contained ^obs?etri-C^^^' 
i^caliy»d^ric.Vahd>. contagion Ainita. The '<Xit-pati99tiDe--" x --^ 1 ^ 
; ^cttjOT^bed addltii^revstart^in ^n^^m^ 
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Consequently, construction of a dormitory large enough to accommodate 

140 persons was begun in April and finished in June 1944 (See Bk I -; 

Vol 12 App. C6). . 

(d) Population - 72.000^ r By March the *'.-]*'. 
area population exceeded 72,000. She hospital facilities were danger- 

ously overloaded, and «any patients were^heing cared ,for,'in,,the, corri- ' i- 

■ % •' <■ v •-, • • - • • K < f - r\- : > 8KXV0I nV 

dors of the hospital. Consequently, beginning, in March 1945 (See App. C6) 

an annex of 60 beds 'was built- west of the^D^wing. Increasing^!** totals 4 , , ^ 

capacity to 310 beds, or 4*3 'beds per "tHonsandK During T the spring ot£L%i>' 



:the hospitsJ. jBontinned'Wibe-^dan^ because of the high" 

incidence of severe upper-respiratory infections. No further additions 
to the hospital were planned, because the seasonal decrease in -illness 
was expected to, and did, relieve the immediate* shortage of :beds* 

(e) Estimated Population 40-45 rcffo* *-. In August,, . * 

s," •< • - » .•-*•'-" " • " *: 

r.v . ■ .. • • •'- i', 

1945" the peak;, of the area. population waa^rjaached.^JJiir^ 
the highest number of hospital ad^ssionsVand hospital -"patieatidays"* p,> f "1 
was recorded; -Following 
total population began 

■■■■ ' ■ ■ • •• v'... r . 

crowded condition of the hospital, and.ih' January 1946,' it .was possible 
to discontinue use of £ Wing of, the hospital, thereby- reducing the , , 5 
total capacity to 250 beds. E Wing was placed in a stand-by^ condition'. t 
and served as an emergency reserve for use if hospital f acilities 3 were 






(Par. 4-2a(2)) 



medical service was rendered by "Army officers and two civilian psy- 
chiatrists. The schedule of fees was based on the fee schedule of the 
Knox County Medical Society. The fees went to the University of Rochester 
and, later, to Roane-Anderson CoApany (and, in turn, to the Government). 
The hospital was operated with a "closed staff M (only those doctors 
regularly as signed to the hospital were permitted to care for patients 
in the hospital). The industrial physicians who referred cases to the 
hospital were extended "courtesy privileges" , and acted as consulting 
physicians in the case of their patients. A prepayment plan (See Par. 
^ 4-2a(4))j the Oak Ridge Health Association, was offered to employees 

i of the Government and the operating contractors. Medical and dental 

service was furnished to military personnel in accordance with Army 
regulations. 

' ' C~ (b) Policy After V-J Day - Following the reduction 

■jj^Q in area population, plans were formulated to convert the medical staff 

of the Oak Ridge Hospital to a civilian status. These plans were 

carried out during the ensuing six months period. 
*:t£| Civilian physicians were selected and admitted to practice 

i 

according to their qualifications and medical necessities of the community. 
Where possible, specialists, so designated by Medical Specialty Boards, 

» 

were selected to insure a high grade of medical care. Army Medical Corps 
physicians were released according to policies of the Surgeon General's 
Office. During the transition period, civilian physicians were retained 
on salary by the Roane -Anderson Company; 60 per cent of the fees received 
for their professional services in providing emergency .medical care ' 
^ were credited to the physicians. On 1 March 1946, the hospital terminated 
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its contract arrangements with the cirilian physicians, coincident with 
the appointment of Dr. Lucius A. Salisbury as director of the Oak Ridge 
Hospital, the Oak Ridge Dental Clinic, the Oak Ridge Medical Service 
Center and the Veterinary Facilities. 

(3) Type of Medical Service Rendered . - Limited first- 
aid and emergency medical care (other than that provided by construction 
contractors for occupational injuries) were first available to area 

employees and residents 1 July 1943* Although construction of the 

v/<as not yet" £**Hy i« operation 
Medical Service Bu i ld ing A h a d n o t b ee n c o mpleted at that time, pre- 
employment physical examinations were performed, inoculations against 
typhoid fever and smallpox were given, and the emergency room was 
operated on a 24-hour basis. During this period also, necessary house 
calls were made, and sanitary inspections of the cafeterias and dormi- 
tories were initiated. Since the Oak Ridge Hospital had not been com- 
pleted, critically ill patients were referred to the care of physicians 
who were staff members of the hospitals nearby. After the hospital 
was completed in November 1943, complete medical service was' offered 
to employees and residents of the area. The medical staff was organ- 
ized by specialties for both in-patient and out-patient service. As 
the staff grew in size, new specialties were offered until the hospi- 
tal had Departments of: Surgery; Medicine; Obstetrics and Gynecology^ 
Eye,, Ear, Nose and Throat; Pediatrics; Psychiatry; Proctology; Neur- 
ology; Urology; Orthopedics; and Dermatology. The head of each sec- 
tion was a physician who had postgraduate training in the specialty. 
In most instances, the other department members also had special 
training in the field of medicine to which they were assigned. Ade- 
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quate laboratory and x-ray facilities were provided for both the in- 
patient and out-patient services. 

(4) Prepayment Plan for Medical Care . (The Oak Ridge 
Health Association) (See App. A 2). 

(a) General . - It waa considered desirable to 
institute a prepayment plan to cover medical and hospital expenses for 
persons employed at Oak Ridge, and for the families of employees if 
they were residing on the area. It was felt that such a plan would be 
an inducement in recruiting workmen, would Insure better medical care, 
and, consequently, reduce absenteeism; and, finally, would appreciably 
decrease the bookkeeping and collection problems of the hospital. How-, 
ever, the security requirements of the project made it impossible to 
utilize the' services of existing insurance programs, because it was not 
permissible to disclose the- number of patients, the job classifications 
of subscribers, etc. Therefore, it was decided that an area prepayment 
insurance plan should be devised and instituted, controlled by staff 
physicians and members of the different operating companies, under 
the direction of the District Engineer. To that end, the services of 
a consultant, Dr. Nathan Sinai, were obtained. Dr. Sinai was associ- 
ated with the School of Public Health at the University of Michigan 
and is one of the country's outstanding authorities on prepayment in- 
surance plans. The proposed plan was presented to officers of the Knox 
County Medical Society and no objection was raised to its inauguration. 

(b) Objectives . - The Oak Ridge Health Associa- 
tion started operating. in November 1943, under a grant of authority from 
the District Engineer. Its objectives were the following: 



(1) The contract was to provide not only 
hospitalization but also medical coverage, and that coverage should be • 
as broad as economically feasible. 

(2) The association should be self- 
supporting. 

(2) The doctors should have a 50% voting 
power on the Board of Directors and on the Executive Committee. 

(e) Membership and Fees . - Membership in the 
association was offered to Government employees and the personnel of 
all contractors with the exception of construction companies. The 
turnover of workers in the construction companies was considered to be 
too great for the financial safety of the organization. Seventy-five 
per cent of the personnel of a company had to subscribe for membership 
before the group was accepted. The charge was $4*00 for a family mem- 
bership, which allowed the subscriber and his family to have hospital 
care, but restricted office visits to the subscriber. For individual 
subscribers, the membership fee was $2.00 per month and entitled the 
subscriber to both in-patient and out-patient care. Most of the com- 
panies had payroll deductions for the monthly dues. 

(d) Services Covered . - The following was 
offered to the employee subscriber: 

(1) Hospital Services . 

(a) Up to 30 days of hospital care 
each year at the Oak Ridge Hospital on authorisation of a staff physician, 
plus a 50% discount of hospital costs for an additional 90 days. Hospital 
care included: 
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'•■ Bed and Board Casts and Splints 

Operating Boom Transfusions 
General Nursing Oxygen 
Anesthetic Serums 
Laboratory Service Drugs 
Ambulance within the Area 

(b) If, in case of emergency, the mem- 
ber had to enter another hospital, the association would pay to that 
hospital up to $5*00 .per day for the first 30 days and up to $2.50 
per day for the next 90 days, and in addition, would pay the attend- 
ing physician the maxi mum fee allowed by the Oak Ridge fee schedule 
for similar service. 

(2) Diagnostic Services . - All medical, 
( surgical, and other services, including diagnostic x-rays, electrocard- 

jMM^ 4 iograms, and basal metabolism tests, rendered to a sember who was a 

bed patient in the Oak Ridge Hospital. 

(3j Physicians' Services * - All services 
(exclusive of medications) rendered by physicians in their offices in 
the Oak Ridge Hospital, including laboratory and x-ray examinations. 

(e) Services Not Covered . - The following ser- 
vices were not covered by this plan: home calls, obstetrical care 
during the first ten months of enrollment, dental care, nervous, men- 
tal, and tuberculosis cases after diagnosis, drug addiction and alco- 
holism, plastic operations for beautifying or cosmetic purposes, inten- 
tional self-inflicted injuries, special nursing, appliances other than 
casts and spints, radiation 'therapy, physical therapy, workmen's 
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compensation cases, of Ace calls except for subscriber. 

(f ) Contract of the Association With the 
Hospital * - The Oak Ridge Health Association made a contract with the 
Oak Ridge Hospital (See App. Bfi) by which the hospital received $5.10 
per day for each in-patient eligible for association benefits. This 
sum covered all services to which in-patients were entitled under the 
subscriber's contract except x-ray services and other professional 
services. The association paid the hospital for x-ray services on in- 
patients at the rate charged private patients. In addition, the hos- 
pital received $3*00 per day per in-patient as the professional fee • 
for the care of medical patients. The hospital received the minimum 
fee of the Oak Ridge Hospital schedule of fees Tor each surgical in- 
patient. The hospital received a $2.00 fee for each out-patient visit 
of association, subscribers, which included all services rendered (ex- 
clusive of .medications) . 

(g) Administration . - The first director of 
the plan was Mr. Henry Vaughn, Department of Public Health, University 
of Michigan. On 29 August 1%4 he was succeeded by Mr. J. H. St ailing a. 

(h) Evaluation of the -Oak Ridge Hospital Associ- 
ation . 

(1) Benefits . - This plan was eminently 
satisfactory to the subscriber. The rates were moderate and the bene- 
fits received were, generous. The medical care was rendered primarily 
by specialists, was readily available and excellent in quality. 

(2) Financial 'Status . - The association was 
able to discharge the obligations of its contracts with the subscribers 




and the hospital, and aceumulaw a surplus of about $80,000 in almost 
two years. This was appreciably less than the reserve of $10 per sub- 
scriber which had been recommended as necessary as insurance against 
an epidemic or other unforeseen catastrophe. The rates to the Oak 
Ridge Health Association were set somewhat lower than the cost of simi- 
lar services for private patients. There was a tendency for members 
of the association to use the hospital services more frequently than 
nonmembers, and to receive more service per visit, which increased 
materially the difference between the amount paid by the association 
and the cash value of the service rendered. 

(3) Modifications in Plan 

a. Diagnostic and Professional Services - On 1 
March 1946, an agreement was made with the Oak Ridge Hospital for the. 
Oak Ridge Health Association to pay $1.2$ for each out-patient attended 
by a civilian physician; this sum was paid for all laboratory and x-ray 
services provided by the Oak Ridge Hospital. A fee of $2.00 was paid 
to the civilian physician for each out-patient visit. For each out- 
patient treated by a military physician, the Oak Ridge Health Association 
continued to pay the Oak Ridge Hospital $2.00; this fee provided for 
the physician's services and all x-ray and laboratory charges. 

b. Hospital and Out-Patient Benefits - On 1 May 
1946, the agreement between the Oak Ridge Health Association and the 
Oak Ridge Hospital was terminated, and the following changes occurred: 

(1) The Oak Ridge Health Association paid to the 
subscriber $5.00 for each hospital day. For miscellaneous hospital 
services, including operating room, anaesthesia, delivery room, lab- 




oratory tests, ordinary drugs and medicines, cast's, splints, x-ray 
photographs and fluoroscopy, except for teeth, and oxygen therapy if 
not used during an operation, the total amount payable for all such 
services was not to exceed $25.00 for each separate hospital admission. 

(2) The S3 .00 per day fee paid to civilian 
physicians for in-patients was discontinued. Hospital patients became 
responsible to their physician for their own medical fee; this obviated 
any tendency for physicians to hold patients in the hospital in order 
to secure payment of the medical fee by the Oak Bidge Health Association 

(3) The subscriber became entitled to re- 
imbursement of expenses in an amount not exceeding three-fourths (3/4) 
of the sums allowable to the subscriber for services rendered to members 
of the subscribers family as bed patients. 

(4) Reimbursement for out-patient x-ray and 
laboratory charges as well as all fees for professional services 
rendered to. out-patients were discontinued. 

(4) Probable Future of the Plan - The reduction in 
total membership to approximately 4*000 members on 1 July 1946, from 
the previous total of 22,000 members in July 1945 and a reduction in 
the reserve fund to $12,000. as of 1 July 1946, makes operation of 
the plan under the present program inadvisable. It is expected that 
on 1 August 1946 the present association will be dissolved and there- 
after the p re-payment for medical care program will be handled by the 
Provident Life Insurance Company of Chattanooga, Tennessee* 

The Oak Ridge Health Association will continue to operate 
as a non-profit organization, acting as agent for the Provident Life 
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Insurance Co. The present reserve fond will be used to cover current 
and future claims, and will be disposed of in accordance with the grant 
of authority from the District Engineer. (See App. A 2) 

(5) Emergency Disaster Program . - A medical emer- 
gency disaster program was established by the medical staff, for use in 
case of a major disaster which required nBdical participation. Field 
units were established, consisting of two doctors and one nurse, and 
were completely equipped with first-aid supplies, emergency medical 
equipment, and transportation. Definite emergency assignments were 
established in the hospitals and first-aid stations, operated by the 
medical organizations of the operating contractors, which were to assist 
in their respective areas. 

(6) Organization . - In April 1943, the University of 
Rochester was authorized by the Manhattan District to procure the medi- 
cal and dental personnel necessary to render the medical service planned 

(VdtcrLtCol.) 

for Oak Ridge. In May 1943, Dr.^C. E. Re a was chosen to head the staff 
and. agreed to procure 10 additional physicians and 2 dentists as members 
of the staff. The late Dr. ISSHiam B. Holt of Chicago, Illinois, was 
hired as Hospital Director and was authorized to procure the necessary 
nurses, technicians, and administrative staff. The original medical 
staff members were chosen for their specialized professional abilities, 
and separate departments of surgery, medicine, pediatrics, obstetrics 
and gynecology, eye, ear, nose and throat, roentgenology, laboratory, 
and public health were planned. By 1 September 1943, 11 doctors and 7 
nurses had reported for work. Subsequent additions to the staff were 
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■ ties. The ratio of physicians to population was maintained at approxi- 

mately 1 to 1,500 (the average throughout the country during the war). 
The contract for administration of the medical and dental facilities 
was transferred, 23 September 1944> from the University of Rochester to 
the Roane-Anderson Company, but the policies regarding medical care re- 
mained under the general supervision of the Manhattan District Medical 
Section. Also, in accordance with arrangements previously, made, the en- 
tire medical staff, with the exception of* Dr. Holt, was commissioned in 
the Army Medical Corps during November and December 1943, in order to 
safeguard the security of the project and to insure the retention of 
men with outstanding professional abilities. After December 1943, 
additions to the staff were procured through the Surgeon General's 
Office. The number of physicians increased to a total of 52 in July 
C 1946, stabilizing at this level daring the months of July, August and , 

September. Medical Corps officers were separated from the Manhattan 
District as they became eligible for discharge from Army service and 
were replaced by civilian physician s. ,0n 1 March 1946, the by-laws 
of tEe medical staff of the Oak Ridge Hospital were ammended to conform 
with the recommendations of the American College of Surgeons for 
Hospitals housing over 150 beds. (See App. A 5) 

(7) Statistics . - From July 1943, the medical opera- 
ting statistics were as follows: 

Out-Pat . Hospital 
Period Doct o rs Nurses Attendants Orderlies Treatments Pat. Days 

' i?J2 ' 

July 8 4 0 2 1,890 

C August 6 4 0 2 3,653 




( 
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Period 


Doctors 


Nurses 


Attendants 


Orderlies 


Treatments Pat. Da 


1943 

September 


6 


5 


6 


4 


6,235 


- 


October 


10 


7 


10 


5 






November 


11 


25 


11 


5 


6,705 


55 


December 


11 


26 


11 


6 


4,772 


1,017 


January 


12 


a 


18 


6 


7,801 


1,705 


February 


14 


45 


18 


5 


7,833, 


1,928 


March 


14 


45 


16 


6 


9,581 


2,137 


April 


16 


51 


25 


7 

• 


10,643 


2,472 


May 


20 


60 


30 


6 


12,788 


2,293 


June 


23 


72 


37 


7 


12,934 


3,024 


July 


25 


72 


37 


6 


10,403 


4,046 


August 


26 


85 


46 


9 


12,186 


4,433 


September 


26 


91 


47 


12 


11,861 


4,837 


October 


28 


112 


42 


11 


-Lt,91p 




November 


27 


131 


41 


12 


1 O Oft** 


0,^7f 


Dec eater 


36 


136 


43 


12 


1 1 mo 


f, r °3 


1945 
January 


35 


137 


36 


14 


16,719 


7,262 


February 


34 


136 


44 


16 


15,605 


8,195 


M&rcn 


34 


J-45 


i.n 

HI 


1 7 
J. ( 


18,715 


8,843 


April 


38 


141 


54 


16 


16,873 


8,025 


Uay 


42 


144 


51 


20 


18,507 


8,713 


June 


47 


143 


50 


20 


18,337 


8,616 
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Out -Pat. Hospital 



Period 


Doctors 


Nurses 


Attendants 


Orderlies 


Treatments 


Pat. Davi 


1945 
July 


K. C 
50 2 


Tf* 

52 144 


49 


20 


19,599 


9,050 


August 


50 2 


52 


136 


48 


22 


21,570 


9>376 


September 50 2 


52 


132 


u 


25 


17,343 


8,1^8 




LO 2 




1 


54 


25 


18,275 


8,730 


November 


40 6 




119 

A J 7 


47 


25 


16,893 


8,849 


December 


42 7 




146 


46 


22 


13,335 


8,6?4 


1946 
January 


36 16 


52 


133 


44 


22 


15,816 


6,885 


February 


28 16 


44 


130 


38 


23 


13,803 


6,605 


Karch 


26 19 


45 


125 


36 


18 


7,061* 


7,147 


April 


19 23 


42. 


129 


33 


20 


4, 770* 


7,382 


kay 


10 24 


34 


124 


36 


20 


3,752* 


6,629 


June 


9 29 


38 


129 


39 


20 


3,023* 


5,775 



c 

NOTE: * Represents only patients attended by Army Medical Corps 

physicians . 

** n — Military 
C — Civilian 
T — Total 

b. The Dental Program , 

(1) Community Dental Needs . - As indicated in Par. 
4-2a(l) (a), it was planned originally to provide only emergency dental 
care at Oak Ridge. However, with the rapid increase in population it 
became evident that the dentists of surrounding communities, already 
overloaded with patients, could not provide adequate care for the resi- 
dents of Oak Ridge. Accordingly, the dental service assumed the respon- 
C sibility of providing adequate wartime dental care for all residents 
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of the area. 

(2) Policy . - It was considered preferable to have 
dental care provided by civilian dentists, since procurement of den- 
tists was less critical than that of physicians and since the dentists 
would have no contact with classified information. It was decided, 
further, that the dentists should be employed on a straight monthly 
salary, in order to insure high professional standards and to keep fees 
at a moderate level. The fee schedule was derived from that in use in 
Khoxville and the surrounding communities. Fees were collected by the 
University of Rochester, and later Roane-Anderson Company, and, in turn, 
reverted to the Government . Each dentist originally was permitted to 
conduct his practice according to his training, ability, and judgment. 
As the clinic grew in size, specialists were procured and new patients 
were, after diagnosis, assigned to the dentist best fitted to do the 
work required. 

(3) Facilities . - Accommodations for 2 dentists were 
included in the Medical Service Building when it was designed. By 
September 1943* the space devoted to dentistry was increased to allow 
4 dental operators to work simultaneously. In the spring of 1944* the 
Dental Clinic was again enlarged and a total of 8 dental chairs was in- 
stalled. One of these was equipped with an x-ray unit and was used both 
for ordinary operative dentistry and for dental radiography. By Uay 
1944, It was necessary to start a night schedule of appointments, in order 
to provide essential service with the facilities available. To keep 
pace with the growing dental requirements of the rapidly increasing 
population, a separate building, the Dental Health Center,, was designed 
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and construction was completed July 1944 (See App. C19). The new 
clinic was used exclusively for adult patients and the old was remodel- 
ed to care for children. 

(4) Organization. - The first dentist, Dr. Harold 
Nelson, started work 15 July 1943. 1 He was joined by Dr. Harry Pitluck 
in September 1943, and together they operated the clinic until the 
first Dental Director, Dr. Don Clawson, came 1 August 1944, on leave of 
absence from Meharry Dental School, Nashville, Tennessee. It became 
necessary for him to return to Meharry on 1 February 1945 and he was 
succeeded by Dr. William Squires, a retired Colonel of the Army Dental 
Corps, who continued in the capacity until 1 August 1945 • Colonel 
Squires was succeeded by Dr. Ewell Neil, who acted as Director until 
1 February 1946, at which time the Dental Clinic ceased to be operated 
by Roane-Anderson Company; thereafter, dental care was provided on a 
private practice basis. On 1 February 1946, there were 9 full time 
and 2 part time dentists.. Two additional full time dentists were 
adroit ted to practice during the. ensuing 3 months. The growth of 
the organization in personnel and the services rendered are indicated 
in the statistical section (Par. 4-2^(5)). 

(5) Statistics . - Following is a table which illus- 
trates the growth of the Dental Clinic in technical personnel and vol- 
ume of work performed, from July 1943: 



Period 

1943 
July 

August 



Dentists 

2 
2 



Dental Assts . 

1 
1 



Hygienists 
X-ray Techn. 
Anesthetists 



1 
1 



Patients 
Treated 



28 
80 
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c 



Hygienists 
^-ray Techn * 



Patients 



Period 


Dentists 


Dental Assts. 


Anesthetists 


Treated 


1943 

September 


2 


1 


1 


200 


October 


2 


1 


2 


300 


November 


4 


2 


2 


315 


December 


3 


2 


1 


400 


1944 
January 


3 


2 


2 


650 


February 


3 


2 


2 


930 


March 


5 


2 


2 


1,090 


April 


5 


4 


1 


1,265 


May 


5 


5 


1 


1,195 


June 


7 


5 


1 


1,027 


July* 


9 


3 


6 


1,436 


August 


15 


5 


6 


1,794 


September 


16 


3 


9 


2,303 


October 


25 


17 


10 


3,003 


November 


- 24 


22 / 


9 


3,298 


December 


25 


25 


9 


3,200 


1945 
January 


26 


28 


11 


4,096 


February • 


27 


24 


10 


4,408 


Karen ~ 


29 


23 


13 


4,233 


April 


25 


21 


10 


3,898 


May 


25 


22 


. 9 


4,207 


June 


25 


25 


8 


.3,533 , 


July 


25 


27 


9 


3,609 



( 



Period 



Degtists 




Dental Assts. 



ray Techn . 
Anesthetists 
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Patients 
Treated 



C 



1945 
August 


26 


id 


20 


3,671 


September 


24 


21 


14 


3,883 


October 


24 


22 


15 


3,535 


November 


24 


21 


15 


2,992 


December 


25 


23 


14 


2,005 


January 


21 


IS 


13 


1,916 



c. Public Health Program . - A formal public health pro- 
gram was organized in January 1944, under the direction of Captain 
Bernard Blum. Prior to this time, physical examinations had been made 
■ of food handlers, and periodic inspections of eating places and dormi- 
tories had been instituted. Captain Blum was charged with the respon- 
sibility of procuring personnel and organizing a public health program, 
adequate to protect the health of area residents, employees, and visi- 
tors. A milk control program was established, and, in cooperation with 
Knoxville Health Department, farms and processing plants supplying milk 
to Oak Ridge were periodically inspected. The U. S. Public Health Ser- 
vice itilk Ordinance and Code were adopted 7 September 1945, and unpas- 
teurized milk was barred from the area. The effectiveness of these 
measures was demonstrated by a progressive decrease in the bacteria 
count of the ad Ik, and in the number of properly pasteurized specimens 
received by the Milk Control Laboratory. Area water supplies were in- • 
spected and samples were analyzed at regular intervals. A venereal 
disease control program was organised and included a treatment clinic, 
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First Out-Pat . Hospital 
^ Period Doctors Nurses Employment Aid Treatments Pat. Days 

December 21 101 848 9,896 1,909 4,184 

' 1945 

January 19 74 420 8,811 1,646 3,714 

February 11 2 - 2,593 183 973 

(2) The Dental Program . - A dental clinic was estab- 
lished in connection with the hospital. Two dentists were available 
throughout the construction phase. This limited number was considered 
sufficient, as only emergency work was performed. The clinic operated 

jPf^ll in a manner similar to the Medical Clinic. 

(3) Public Health Service . - As the" physical well- 
being of each individual on the reservation was of vital importance to 
the successful completion of the construction project, public health 

( and sanitary inspection units were established. On 31 March 1944, a 

public health physician was employed and was then appointed, .by the 
State of Washington Department of Health, as Deputy State Health Offi- 
cer for the Hanford Engineer Works. This arrangement gave legal sanc- 
H t ion to the Hanford Public Health Program and tied the program into that 

of the state, but permitted security restrictions to be maintained, by 
special arrangements with the State Health Department. Mess halls and 
cafeterias were inspected daily, and milk, water, and food inspections 
were made periodically.. Trailer camps were inspected weekly, and period- 
ic inspections were made of barracks, dormitories, schools, and stores 

i 

in both Hanford and Richland. In order that the load on the medical 
staff could be decreased, by relieving then of unnecessary house calls 
v v and clinic visits, the Public Health Service instituted a home nursing 
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educational activities, and investigation of venereal disease contacts. 
A public health nursing servic' was established, v.hich included: immuniza- 
tion and coioaunicable disease program; maternity service; infant, pre- 
school, and school hygiene; and service for crippled children. Health 
education was high-lighted by a food-handlers' school which had a total 
attendance (at three classes) of 3,619 persons. In addition, the pub- 
lic has received instruction in disease prevention by films displayed 
in local theaters, by articles in the Oak Ridge Journal, and by means 
of a poster contest on respiratory diseases. The program of general 
sanitation involved inspections of sewage treatment plant 3, the swim- 
ming pool, trailer camps, grocery stores, drug stores, barber shops, 
and eating houses. An active rodent and insect control program was 
followed. The handling of food was supervised and food handlers were 
required to receive periodic physical examinations. Outbreaks of gastro- 
enteritis were investigated, as well as complaints relating to general 
sanitation. The Public Health Department was first located in the 
Medical Service Building but in time outgrew its quarters. Conse- 
quently, the Stone and Webster Field Hospital on Scarboro Road was 
remodeled and the department was transferred there 15 May 1945 (See App. 
C 20). Captain Blum, on 18 December 1945, terminated his Army service 
and was succeeded by Mr. Leon S. Blank ens hip ? who is the present Public 
Health Officer. 

d. Veterinary Service . - In August 1943, veterinary ser- . 

vice, under the direction of an Army Veterinary Officer, Captain Lloyd' 
Janeson, was established, primarily to care for Government-owned live- 
stock and to assist the Public Health Department in milk and meat in- 
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s pactions. Compulsory rabies inoculations for all dogs brought into 
the reservation was required. A dog pound and small animal hospital 
were constructed and operated by Roane-Anderson Company. Dr. James 
Kile succeeded Capt. Lloyd Jameson in the capacity of area veterinarian 
on 1 January 1946. A small, animal hospital, which in September 1944 
has been leased on a concession, continued in operation. 

e. The Cost . - The expense entailed in construction and 
operation of the medical and allied facilities at Oak Ridge to 1 Jui£ 
1946 is indicated below: 
Medicine : 

Cost of construction cf hospital $ 984,564 

Cost of construction of out-patient 184,111 
Additional construction costs 126.701 
Total construction costs 1,295,376 

Operating expenses 3,929,014 
Operating revenue ' 2,954.93° 

Operating deficit 974,084 

Total expense for medicine 42,269,460 

Dentistry 

Cost of construction of dental clinic 94,656 

Operating expenses 554,726 
Operating revenue 371.999 
Operating deficit 182,727 

Total expense for dentistry 277,383 

Public Health 

Cost of construction of quarters 50,545 

Operating expenses 190 . 311 

Oporating dofioi* 240,856 

Total expense for Public Health 240,856 



Veterinary Service 



Cost of construction 



16,111 



Operating expenses 
Operating revenues 
Operating deficit 



31,130 
5.591 
25,539 



Total expense for veterinary service 



41.650 



Total net cost of Clinical Medicine, Dentistry, 
Public Health and Veterinary Service at Oak 
Ridge 



$2,829,349 



4-3. Clinical Medicine and Dentistry at Hanford Bfagineer Works , 
a. Construction Phase , 

(1) The Medical Program 

(a) Community Needs . - In March 1943 construc- 
tion was begun on the Hanford plant for plutonium production, and in 
May 1943 on the Bichland Village thirty miles away, in which 15,000 
people directly or indirectly connected with the plant were to be 
housed (See Book IV, Vol. 5). The plant and village had to be completed 
at the earliest possible date. Workmen could be attracted to the iso- 
lated site only with special inducements. One of these inducements 
was the provision of facilities for laborers to live with their faml- 
lies in privately-owne'd trailers. Another,, waa the provision of com- 
plete, high-quality medical care for workmen and their families. On 
ordinary construction' projects, medical facilities are provided only 
for industrial medical care of employees during working hours. At 
Hanford, however, the provision of these unusual facilities, among a 
number of others, increased the morale of workers and lowered the labor 
turnover. There were other reasons for providing complete medical fa- 




t 

cilities at Han ford. The most important one was that extreme secrecy 
was mandatory. This necessitated all medical facilities being under 
Government control and, as far as possible, that medical care for per- 
sons located on the plant site be performed at the plant rather than at 
other population centers, to -prevent leaks in information as to the 
size and nature of the project. To centralize Government control, it 
was decided that the prime contractor would be responsible for all 
medical care on the area. The extremely isolated spot at which the 
plant was located limited to almost nothing the medical care which 
could be made available through normal channels.. The medical facili- 
ties of Pasco, Washington, already had been overtaxed by the 600 to 
700 people who were added to the town population at the beginning of 
the project. Yakima and Walla Walla, each about 80 miles from Hanford, 
were at almost the limit of medical load prior to the project, because 
of war industries located in their areas. The facilities became com- 
pletely inadequate when the population was increased by the families 
of Hanford workers who lived in these areas and chose to commit e to the 
job rather than live in Hanford. At one time, St. Elizabeth's Hospital 
in Yakima was so crowded that Government funds were being sought from 
Hanford Engineer Works to build additional wings to supply the need for 
hospital beds. The original plans, on which the medical program was 
based, called for a labor force of 10,000 men to be housed in barracks 
and fed in mess halls. It very quickly became apparent that a labor force 
of that size was far too small. The addition of family units to the 
construction camp brought additional large numbers of people for whom no 
medical plans had been made. Facilities for housing single workers, and 
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new trailer sections, had to be increased month by month as the construc- 
tion difficulties became more apparent. At the peak, in order to meet 
construction schedules, it was necessary to have a population at Hanford 
of 51,000 people and to process through pr e-enployment examinations a 
total of more than 91,000 applicants. The expansion of medical facili- 
ties, to care far this constantly and unpredictably growing population, 
waa the greatest problem faced by the medical administrator during 
construction days. 

(b) Policy . - The medical program was started by 
the construction contractor, E. I. du Pont de Nemours & Company, Inc., 
in March of 1943- Definite requirements were stipulated for the pro- 
fessional members of the staff. Doctors were required to have creden- 
tials necessary to enable them to secure temporary license to practice 
(" in the state of Washington. Permanent license to practice in .the 

state of Washington was contingent upon the passing of basic science 
examinations and, in some cases, reciprocity examinations. The Wash- 
ington State License Bureau offered cooperation In making proper ex- 
ceptions to the Medical Practice Act during the emergency. Nurses 
were required to be registered graduates of a school for nurses and to 
be licensed in the state of Washington. The operation of the Hanford 
Hospital followed closely that of a municipal hospital in a normal city 
of comparable size. Admission to the hospital, in accordance with 
usual hospital practices, was by order of the attending physician, and 
the case remained in the assigned physician's care during the patient's 
stay in the hospital. Rooms were assigned on the basis of availability 
^ and the physical condition of the patient. Fees for hospital care, 
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doctors' services, drugs and medication were based an the lowest pre- 
vailing rates in the surrounding territory. In order to gain the co- 
operation of patients and in the interest of the general project wel- 
fare, no charge was made for services in the Health Center (Public 
Health Service), Contagious Disease Unit, or Psychiatric Unit of the 
Infirmary. To facilitate the payment of medical fees by the contrac- 
tor's employees, a wage deduction plan was adopted whereby any employee 
could have proportionate amounts deducted from his wage check each pay 
period until the fee was discharged .■ 

(c) Type of Medical Service Rendered . - In 
April 1943* * first-aid station was established at the site of construc- 
tion, and by June facilities and staff were available for first aid 

v 

and 10 bed cases. Regular hospital facilities were first ajfeailable to 
employees and their families in July 1943. At this time the capacity 
of the hospital was 38 adult beds, 4 pediatric beds, and 8 cribs. By 
June 1944* the capacity of the hospital had been increased to 116 beds. 
In September 1943 , an out-patient clinic was opened in conjunction with 
the hospital for treatment of patients not requiring hospitalization. 
Patients visited the clinic voluntarily and selected their favorite 
doctors within the limits of their availability. In November 1943, a 
temporary sick bay was established in three barracks, as hospital facili- 
ties were inadequate to care for the large numbers of cases which re- 
quired confinement. Because of an increase in the number of contagious 

and infectious diseases, a special isolation unit was established in 
a barracks building in December 1943* In January 1944, an additional 
barracks was added to the isolation unit. As the population continued 
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V to increase, it became apparent that the temporary barracks facilities 

for sick bay and isolation were inadequate, and the construction of an 
infinaary and public health building was begun. This building, provid- 
ing space for 224 beds and quarters for the Public Health Service, 
was occupied in June 1944. As these isolation^ eick bay and psychiatric 
units were established, the temporary barracks which had been used 
for these services were returned to housing. Since the medical 
service was maintained by the contractor, all pre-employment and 
termination physical examinations were made by the medical staff. 
Adequate laboratory and x-ray facilities were provided for both in-; 
patient and out-patient services (See App C 21) . 

(d) Industrial Medical Relations . - An indus- 
trial medical relations section was established as part of the Medical 
( Division. This section performed the necessary functions in handling 

Q»w$j£ accident and health insurance, disability wage payments, and. wage com- 

pensation. Medical reports, concerning the eligibility of applicants 
for the above benefits, were submitted from this section. One senior 
clerk, one assistant, three stenographers and one messenger were as- 
signed to duty in this section. 
* (e) Use of Handicapped Workmen . - As a means of 

utilizing all available manpower, a plan was adopted whereby persons 
with major physical defects could be hired, with the understanding that 
job placement would be made in accordance with the nature of the de- 
fect. These defects were those which were existent at the time of ap- 
plication for employment. If, however, an employee sustained an occu- 
^ pational injury by which/ he was incapacitated to some degree but retained 
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a high percentage of his working ability, the Medical Division recom- 
mended that he be placed on "guided work". Any employee who was given 
guided work was allowed to work nine hours a day for five days a week, 
with Saturday and Sunday as specified rest periods. The work given 
the employee was dependent upon the severity of the injury. The 
guided work policy was another means of conserving manpower, and acted 
as, an incentive to the employee to recover his total ability to return 
to his regular job. 

(f ) Organization . - The Medical Division was 
organized on 21 March 1943 j under the direction and control of the prime 
contract or j E. I. du Pont d Nemours & Company, Inc. Under the super- 
vision of Dr. J. M. Wetherhold, an. of f ice was established in the Gray 
Building in Pasco, Washington. The staff comprised two doctors and 
a nurse. No x-ra^ or laboratory work could be performed at this office 
and, consequently, these procedures were carried out in the Lady of 
Lourdes Hospital in Pasco. With the shift of the medical facilities 
to the construction site at Hanford, the medical staff expanded to keep 
pace with the increasing demand, until,, in June 19 M r -th» staff had de —- 
veloped into a force of 372 people (29 supervisors and assistant super- 
visor*, 31 physicians, 165 nurses, 10 technicians, 4 dieticians and 133 
aides and orderlies). The peak demand on medical service during the 
construction phase occurred during the summer of 19*t4/ near the end of 
the construction work. Following this period, the major medical facili- 
ties were shifted to Richland. Cn 10 February 1945 the Out-patient 
Clinic was closed, and, on 15 February 1945, the last patients in the 
hospital were transferred to Richland. 
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(g) Statistics . - From March 1943 until the 
close of the construction phase, the medical operating statistics were 
as follows: 



Period 


Doctors 


nurses 


Pre- 

Ham 1 Atv^MAn ^ 

iUBPXoyiuenL 


First 


Out-Pat . 
ireatmenip s 


Hospi 
01,4. 


March 


1 


0 


108 


- 


- 


- 


April 


3 


2 


1,070 


560 


- 


- 


May 


4 


6 


1,661 


2,983 


- 


- 


June 


5 


10 


1,961 


4,329 


- 


- 


July 


7 


15 


3,124 


6,933 


- 


. - 


August 


0 
7 




■a ini 


( ,-U»7 






September 


13 


OA 
JO 


«£, r«fJ 


0,OJ.<C 




Ain 

O.JU 


October 


14 


47 


3,594 


7,91° 


1,824 


940 


November 


1 A 

lb 


53 


c cite 


TO 1 AC 

J->i,4o> 


1 Old 


1 AnA 
J.,OUO 


December 




^0 


A 

O, f J<- 


T c lie 




-X TIO 

J, ij*- 


1944 
January 


21 


. 95 


5,591 


19,869 . 


2,802 


7,113 


February 


21 


105 


5,247 


18,775 


• 2,861 


6,078 


March 


21 


111 


7,280 


22,688 


3,213 


5,591 


April 


24 


117 


6,716 


22,017 


2,911 


7,309 


May 


27 


130 


9,489 


27,759 


3,450 


7,178 


June 


35 


150 


8,182 


31,224 


3,427 


5,875 


July 


38 


160 


6,189 


30,753 


3,339 


6,057 


August 


35 


157 


4,536 


30,621 


3,740 


5,128 


September 


34 


159 

* 


3,938 


25,685 


3,201 


5,017 


October 


32 


143 


2,319 


21,707 


3,756 >; 


5,687 


November 


27 


122 


855 


14,320 


2,602 


4,736 
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( service. This unit handled requests for medical service at barracks 

or trailers. Upon receipt of such requests a nurse was dispatched to 
the patient. It was the duty of this nurse to determine whether the 
patient required hospitalization, the services of a physician , or 
first-aid treatment by the nurse. 

(4) The Cost , - The expense entailed in constructing 
and operating medical facilities at Hanford during the construction 
phase is indicated below. 

(a) Cost of Hospital Buildings 

1. Hospital . $ 434,000 

2. Convalescent & 
~ Isolation Ward 

& Public Health 512,700 $ 946,700 

(b) Cost of Hospital Equipment. 237,000 
( (c) Operating Cost - Medical Facilities 

1. Labor $1,734,000 

2. Material 310,000 2,044.000 

Total $3,227,700 

Operating Deficit 

Operating Cost $2,044,000 

Less revenue 258,000 

Less expendable 
supplies trans- 
ferred out 62,000 $1,724,000 

b. Operations Phase . 

(1) . The Medical Program . 

(a). Community Weeds . - In the establishment of 

^ the medical program for the village of Richland, it was determined 
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that it would be necessary to provide facilities for complete medical 
care of all residents of Richland who were dependent on the Hanford 
Engineer Works either directly or indirectly, for both occupational 
and non-occupational illnesses and injuries. The isolation of the pro- 
ject, from centers of population with established medical facilities of 
sufficient capacity to render the required medical service, was the de- 
termining factor in this decision as it was at Hanford. It was also 
decided that the medical facilities provided at Hanford for construc- 
tion personnel should not be used after the start of operations, as 
the plant hazards, as determined by the pilot plant, indicated that 
this construction village should be completely evacuated. To provide 
the required medical facilities for an estimated population of 15,000 
persons, the construction of a 75-bed hospital was authorized. This 
was located at Richland, 30 miles from the boundry of the operating 
area. The ratio of 5 beds per thousand population, although higher 
than the national average, was necessary because of the isolation of 
the village and the high percentage of dormitory-housed workers, and be- 
cause normal hospital patient population ratios cannot be applied 
safely to a population as small as 15,000. Shortly after the hospital 
was placed in operation, it became evident that even though the capacity 
was adequate for general needs, the estimate was low for obstetrical 
cases and also for out-patient facilities. To provide additional -fa- 
cilities, a wing was added to the Obstetrical Section and a separate 
building was constructed to house the Dental Section and the Out- 
patient Department. Two housing units were provided to be used as 
isolation wards for the care of contagious diseases. 
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(b) Policy . - The operations medical organiza- 




( 



tion was made up of two major divisions, one concerned with village 
health and the other with industrial medical care. This latter divi- 
sion is discussed under Par. 3«12e(l). It was felt that the special- 
ties, including obstetrics, pediatrics, surgery, internal medicine, 
eye, ear, nose and throat, should be maintained as such and that special- 
ists in these fields should be procured to head each specialty. In 
this way better service could be offered than if a type of general 
practice was instituted. Definite requirements were stipulated for 
the professional members of the staff. All employees of the Medical 
Department, including physicians, were remunerated for their services 
entirely by salary. The policy of free choice of physician by the patient 
was maintained in so far as the physician's time permitted. Fees and charg- 
es were, in general, based upon Washington State compensation fees. How- 
ever, the usual charges in the neighboring villages and communities also 
were considered in reaching an approved fee schedule for Richland. Fees 
charged for medical care were somewhat lower than those usually 
charged for the specialized services offered, because it was agreed 



that good medical care at low expense was an inducement in procuring 
personnel and in reducing labor turnover. A medical prepayment plan 
was given consideration but discarded in favor of a wage deduction 
postpayment system for contractor's employees. Military personnel 
were furnished medical and dental care in accordance with Army regu- 
lations. 



(c) Type of Medical Service Rendered . - For a 




short period, from March 1944 until 20 May 1944, the medical care of 



the residents of Richland was provided by physicians from the Con- 
struction Section. Non-industrial patients were charged a regular fee 
for service, with the. physicians being given the privilege of retain- 
ing the fees collected. On 20 May 1944, however, because of the un- 
satisfactory condition, of medical care due largely to the attention 
of the physicians to the pay patients^ and because of the dissatisfac- 
tion arising. from the reimbursement of physicians on a part salary and 
part f ee-f or-eervice basis, it was decided to take over the medical 
care of the village residents at this time rather than wait until the 
previously planned date of 1 August 1944* Because of this sudden 
change in plan, medical routines and procedures were informal and were 
modified as necessary to carry the load. Because of the excessive 
work load at this tine, practically all medical care was on an emer- 
gency basis. To avoid confusion, a policy was adopted that plant in- 
juries only, or very minor personal illnesses or injuries, would be 
treated without charge by the first-aid station. All other patients 
were referred to the clinic and were charged for medical care. Grad- 
ually procedures were developed by which the patient came to the clinic 
only with a prior appointment, except in case of emergency. In November 
1944 the out-patient facilities became over-crowded and a separate 
building was constructed. This building housed the Medical and Dental 
Out-patient Departments and was ready for use in January 1945* After 
full operation of the village hospital was realized, specialty services 
such as surgery, pediatrics, obstetrics, internal medicine, eye, ear? 
nose and throat were a regular part of the medical service of fared to 
patients both in the hospital and in the out-patient clinics. 
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Adequate laboratory and x-ray facilities were available for both in-patient 
and out-patient clinics. 

(d) Organization . - The medical service at 
Richland was administered by the Medical Department of the contractor,, 
E. I. du Pont de Nemours & Company, Inc. The Medical Department was 
under the direction of the Medical Superintendent, Dr. W. D. Norwood, 
who in turn was responsible to the Assistant Plant Manager. The 
staff, on the opening of the village medical service in late l£ay 1944, 
consisted of 2 doctors and 12 nurses. As the construction phase de- 
clined, physicians were shifted from Hanford to Richland. Formal 
offers to applicants and processing of personnel for the staff were 
performed as a routine procedure of the company Employment Department. 
Selection of prospective members of the Professional staff was made by 
medical personnel of the Hanford Engineer Works, with approval by the 
Medical Superintendent. In some instances, the Wilmington Office of 
E. I. du Pont de Nemours & Company, Inc., directed the employment or 
transfer of individuals for the medical staff. By July 1945, the medi- 
cal service had developed into a staff of 366 employees, consisting of 
14 physicians, 78 nurses, and 274 other employ ae 3 such as orderlies, 
aides, janitors, etc. 

(e) Statistics , - From June 1944 until June 

1946, the aedical operating statistics were as follows: 

Orderlies. Out -Pat . Hospital Total 
Period Doctors Nurses Aides, etc . Treatment Pat. Days Population 

1944 

June 2~14 31 1,000 79 4,462 

July 7 24 41 1,516 U9 5,692 



4.35 




Period Doctors Nurses 



Ordorii.es. 
Aides, etc , 
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Out-Pat. Hospital Total 
Treatment Pat, Days Population 



August 


8 


34 




1,623 


686 


7,050 


September 


9 


50 


- 


2,170 


1,267 


9,096 


October 


10 


69 


218 


2,597 


1,434 


10,360 


November 


11 


68 


226 


3,057 


1,655 ' 


11,270 


December 


12 


61 


226 


3,282 


1,731 


11,760 


1945 
January 


1 o 

Lc 


75 




3,4/0 


2,185 




February 
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oJ. 
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April 
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May 


l i 

J-4 


in 
( l 


OOT\ 
«coU 


•3 "3fiJ. 


J-, 7*tO 




June 


14 


no. 


977 


■3 n/ i 
J, 


1 7Al 


1 J. ; r>"3 


4 Till TT 

w July 




CI 




"3 7V.A 


J., 770 


"I i 1 A7 


* August 


12 


47 


29 


3,772 


2,169 


13,616 


* September 


11 


51 


33 


3,596 


2,119 


13,218 


October 


11 


47 


36 


2,815 


1,871 


13,098 


November 


11 


49 


37 


3,439 


1,863 


13,113 


December 


11 


51 


40 


3,278 


1,546 


13,126 


19^6 
January 


11 


53 


37 


3,852 


2,038 


13,178 


February 


11 


53 


36 


3,882 


2,301 


13,234 


March 


11 


54 


36 


3,675 


1,641 


13,194 


April 


11 


57 


33 


4,095 


1,918 


13, U3 



* As of end of month 

Balance as of midnight 25th of month 
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Orderlies Out -Pat . Hospital Total 
Period Doctors Nurses Aides etc . Treatment Patient Days Population 

1946 

May 11 54 35 3,895 1,917 13,021 

June 11 53 34 3,660 1,859 12,761 

(2) Dental Program . - The dental program at Richland 
was established in close association with the medical program. The 
first dentist arrived in June 1944 and provisions for emergency dental 
care were instituted. During June and July, emergency treatment was 
provided for approximately 250 persons. Regular dental service was 
first available in August 1944, with the arrival of additional person- 
nel* Dental patients were free to choose their favorite dentists 
within the limits of their availability. The fees charged were com- 
parable to those of the surrounding area. A daily record of work 
completed and income earned was maintained by each dentist for 
administrative purposes. However, no percentage or bonus was given 
for income earned in excess of his normal yearly salary. Operations 
of general practice were not standardised, each dentist being allowed 
to conduct his practice according to his ability, training, and judg- 
ment. The following table indicates the dental work load from June 
1944 to June 1946. 

Period Dentists Number of Dental Patients 

mk 

June 1 (Approx. 250 cases 

July 1 seen in this period) 

August 2 384 

September 2 525 

October 3 844 



i.'l OK' ' v 



Period 

1944 
November 

December 

1945 
January 

February 

March 

April 

Maj? 

June 

* July 

* August 

* September 

October 

November 

December 

1946 
January 

February 

March 

April 

Kay 

June 



Dentist 3 

3 
3 

3 
3 
5 
5 
5 
5 
7 
7 
.7 
6 

5 
4 

6 
7 
S 
8 
6 

7 



Number of Dental Patients 

1,038 
J.,072 

1,222 

1,221 

1,749 

1,772 

2,032 

2,033 

2,007 

1,886 

1,674 

1,855 

1,382 

1,222 

1,218 
1,646 
1,766 
1,864 
1,669 
1,610 
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* As of end of month 

Balance as of midnight 25th of month 





(Par. 4-3b) 



< (3) Public Health Program . - The Public Health Sec- 

tion of the Construction Medical Department had gradually shifted 
personnel to Richland on a loan basis, as the need far such service 
shifted from Hanford to Richland. On 15 January 1945, this unit was 
completely transferred to the Operations Medical Department. The 
personnel transferred included a supervisor of public health, a nurs- 
ing supervisor, seven public health nurses, one health educator, three 
sanitarians, and two clerical assistants. The functions of this unit 
were comparable to those of the Public Health Department of a city o£ 
similar size. Tuberculosis, venereal disease, and maternity clinics 
were maintained for the protection of the project personnel. Periodic 
sanitary inspections were cade of all cafeterias, canteens, cafes, 
dormitories, barracks, and food stores. A public health nursing service, 
( including infant and pre-school, school, adult, and industrial hygiene, 

and morbidity and crippled childrens* services, was established. Milk, 
water, and food inspections were made periodically. The Sanitary Sec- 
tion maintained supervision of sewage disposal, malaria and pest con- 
trol and water analysis. No charges were made for services rendered 
by the Public Health Department, as these services were primarily for 
the benefit and protection of the project as a whole. 

(4) Emergency Disaster Program . - A medical prepared- 
ness program was established, in conjunction with the industrial medical 
groups, for operation in cases of a major disaster which required medi- 
cal participation. The overall direction of this program was assumed 
by Mr. Newton Stapleton. However, definite emergency assignments were 
V. given all medical personnel and emergency field units were organized. 
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Special provisions were made to evacuate the plant areas and Richland 
Village if an emergency arose requiring these drastic procedures. 

(5) The Cost . - Following is an estimate of the cost 
of providing medical and related facilities and care for Richland 
Village thru June 1946. 

(a) Permanent Medical Facilities 

1. Hospital building $615,000 

2. Professional 

Building 110.000 

Total £ 725,000 

(b) Operating Cost thru June 1946 3.394.758 

Total Medical Cost 4,119,758 

(c) Revenue 813.599 

Total Net Medical Cost 3,306,159 

(d) Breakdown of Operating Medical Costs and 



Revenue . 

Dental Dept. 

Pharmacy 

Utilities 

(water, fire, elect, etc) 



Groea Expense 
$ 137,478.90 
64,648.22 

84,186.43 
1,857,362.93 



Non Industrial 

Revenue Net Expense 



$130,474.94 
62,529.85 



Public Health 
Industrial 

Medical and Hospital Expense 1,251,081,47 



620,594.31 



$ 7,003.96 
2,118.37 

84,186.43 
1,857,362.93 

630,487.16 



TOTAL 



$3,394,757.95 $813,599.10 $2,581,158.85 



SECTION 5 - BIOLOGIC AND HEALTH PHYSICS RESEARCH 
5-1 General . The origin and growth of the research section 
came as a natural development of the rapid progress of physical research. 
Before the responsibilities of the project vera assumed by the Office of 
Scientific Research and Development, research carried out in isolated 
physical experiments concerning isolation and utilization of uranium 235 
was on a very small scale and, in reality, constituted no medical hazard. 
However, as the physical phases developed, it became apparent that hazards 
due to radiation, from the parent substance, uranium, and its natural and 
artificial disintegration products, including radium and the f lesion pro- 
ducts, could be extremely injurious to the human body. Experience had 
previously accumulated to show that long-lasting detrimental effects, and 
occasional fatalities, could occur, following indiscreet use of radium or 
x-rays, through either ignorance or neglect. This concept was apparent to 
the directors of the individual projects and, with the grouping of the 
small unit 8 under OSBD, caused them sufficient concern to allocate a 
portion of the funds of the Chicago project to biological research, and 
development of methods of protection for both research and production em- 
ployees. The cooperation between the medical and physical research sections, 
even at this early date, resulted in the accumulation of much valuable data. 
With the continuing success of. physical and chemical .research, the general 
scope of the project expanded rapidly. The responsibility for overall super- 
vision of the project was assumed by the Manhattan District in 1942. With 
this consolidation of all facilities, it became necessary to organize a 
medical section to supervise the medical research and health protection 
for the entire project. 



5-2 Purpose of Research Program , - The hazard problems, which 
accompanied the growth and development of the Manhattan District into a 
gigantic industrial enterprise, have been reviewed in Section 2 of this 
Volume. The primary concern of the research section was to investigate 
the potential damaging effects of the uranium and other radioactive com- 
pounds used, from radiation or chemical toxicity or both, and to 
establish firmly the maximum doses of the various radiations which could 
be received safely by project employees. In addition, the toxicity of 
certain special materials, which had had no previous industrial use, had 
to be determined. This knowledge was sought in order that effective pro- 
tective measures might be incorporated in the design and operating prac- 
tices of the plants. It was necessary, also, to attempt to develop effect- 
ive methods of treating toxic reactions which might be encountered in persons 
working with these materials. 
5-3. Radiation Research . 

a. General. - The need for medical research on the hazards 
of the Manhattan District program was first realized by the University of 
Chicago group, whose research was on the pile process, for the trans- 
formation and isolation of the transuranic element, plutoniua (239). 
(See Par. 3-12) . The pile reaction produces a tremendous discharge of 
particles or energies of all types of radiation (alpha, beta particles 
and gamma rays, and fast and slow neutron radiation) . All of these radfr : 
i at ions cause reaction on entering living tissue. Consequently, it was 
important to study biological effects of all types of radiation to de- 
termlne the allowable exposures to radiation arising both from an external v 
source and from material taken into the body. 
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C b. X-ray and Gaama Radiatioo. 

(1) Knowledge Available . - There were considerable data on 
the biological effects of x-ray and gasiraa rays existing prior to the iiaa- 
hattan District operation. However, most of this information concerned 
lethal or sublethal doses and, although "tolerance" levels had been set, 
the information on which these levels were based was quite sketchy. 

(2) Research Required . - It was determined, there: ore, that 
a program should be instituted to establish fimly the "tolerance" or 
"maximal allowable dose" for chronic exposures. In addition, it was consid- 
ered advisable to establish beycr.A question the comparative effectiveness 
of garnnia rays and x-rays (known to be quits si. liar) and of x-rays of 
different voltages. 

(3) Research Fro gram Instituted . - The research instituted 
( to investigate these points consisted primarily of daily exposure of groups 

of ani.-aals of various species to gaaaa rays and to x-ri.ys of different volt- 
ages, each group of animals receiving a different level of exposure. In 
addition, exposures to single larger doses of these radiations were made, to 
study the acute effects produced. The animals in all of these experiments 
were carefully and regularly examined, using their growth and general appear- 
ance as a guiue to the state of health. Special tests were also performed, 
including olood counts, urinalyses, cheaical examinations of the blood and 
certain other tests in selected cases. All experiments were carefully con- 
trolled. At death or at the end of the experiment post-mortem examinations 

were made. To determine the effect of these radiations on genetics, special 
experiments were initiated to study the occurrence of outations in fruit 
v fly a* and the effects of radiation on the breeding of mice. Other experi- 



5.3 



(Par. 5-3) 



\ merits were carried out to determine the biological effect of certain doses 

of x-ray on fish of various sizes from the egg stage through the various 
developmental stages to adult fish (App. B5). Attempts have been made also 
to find better testa of radiation damage and to devise effective methods 
of treatment. 

(4) Institutions . - The Metallurgical Laboratory of the 

University of Chicago performed some of the acute radiation exposure 

and delegated to the National Cancer Institute at Bethesda, lid. , a 

comparative study of exposures of animal a to x-rays and gamma rays 

8 

from radium, at different dosage levels, given daily over an hour 

A 

period and continuing for specified periods of tiioe . Another program, 
designed to study the effects of exposure to x-rays from voltage 
sources of 250,000 and 1,000,000 volts, at various dosage levels, 
( given in a period of a few minutes each day, was instituted at the Univer- 

sity of Rochester (See Par. 5-7). The genetics study on fruit flies and 
the mouse breeding experiments also were done there. The fish study was 
delegated to the University of Washington, Seattle, Washington, m Tests 
for damage and treatment methods have been investigated at both the 

University of Rochester and the University of Chicago. 

Jul* 

(5) Results . - During the year^l?45 to June 1946 enough 
to confirm 

data lias been accumulated wfrMfcf^again ooujfiraod the advisability 
of the tolerance level selected. The various institutions are in 
the process of preparing monograms dealing with their experimental 

work. 

c. Neutron Radiation . " 
^ (l) Knowledge Available . - Before the Manhattan District 
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project was initiated, sketchy information had been accumulated on the 
biological effect of fast neutrons, largely fra-u the treatment of a few 
cancer patients with this type of radiation. 

(2) Research Required . - However, very little data waa avail- 
able concerning the effect of neutrons on the health of individuals or 
concerning the comparative effectiveness of neutrons and x-ray or gamma 
radiation. 

(3) Research Program Instituted . - Programs which paral- 
lelled the x-ray and gamma radiation research were set up also for 
neutron exposures. These investigations were planned and conducted 

in such a way that comparison could be made with the x-ray and gasssa rad- 
iation research. Careful studies of the animals were carried on as in the 
x-ray and gamma ray experiments. 
( (i+) Institutions . - The Cancer Research Laboratory of Columbia 

University did a series of experiments in which groups of mice were 
exposed to a daily dose of fast neutrons, each group receiving a different 
dosage level. A similar set of experiments, using dogs instead of 
mice, was carried on at the Biological Foundation of the Franklin Insti- 
tute, Newark, Delaware. Additional experiments on the metabolic 
effects of neutron exposures were carried out at Clinton Laboratories, 
Oak Ridge, Tenn. 

(5) Results . - Although all of these experiments are continuing, 
it has been established that neutron radiation produces essentially the same 

effect as x-ray and gamma radiation (See App. B6). Further, it has been 
demonstrated that when neutrons are measured by instruments used for measur- 
ing x-rays and gamma rays, a given unit of neutron radiation is about 7-8 
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times effective biologically the same unit of gamma or x-rays (See App. 

A, A 

B4 & Bo). In calculating tolerance doses, an additional factor of 
safety is added and neutrons are considered ten times as effective 
as gamma or x-ray radiation. During the year 1945-46 data l.as been 
accumulated by the various research institutions which confirm^ the 
above statements. 

d. Beta Radiation . 

(1) Knowledge Available . - A limited amount of data was 
available prior to Manhattan District operations on the biological effects 
of beta radiation. Most of this information was based on the treatment 
of various skin conditions. However, this Knowledge was incoiLplete and 
additional data was required to clarify some of the existing uncertain- 
ties. 

( (2) Research Required , - Since beta particles have little 

* penetrating power, information was desired primarily on the effect of acute 

and chronic exposures of the skin to various amounts of beta radiation, and, 
in addition, the possibility of the occurrence of systemic effects was 
to be explored. 

(3) Research Programs Instituted . - To provide answers to 
these questions, animals were exposed acutely and chronically to various 
levels of beta radiation and carefully studied for skin and systemic 
effects. Comparison was made also of the effectiveness of beta radiations 
from various sources. 

(4) Institutions . - The bulk of experimentation on the biolog- 
ical effects of beta particles was dene at the Clinton Laboratories and 
the University of Chicago. A small corroborative program on this 
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( subject was performed at the University of Rochester. 

(5) Ses ults . - This research is continuing, but has de- 
monstrated already that the maximum allowable tolerance figures for 
beta radiation to the skin are conservative and unquestionably safe 
(See App. B4 & Bo). It has been proved also that the lethal dose of 
beta radiation delivered externally is far greater than the lethal dose 
of x-ray or gamma radiation (See App. B4 & B6). The experimental 
results during the 1945-1946 period were again strongly confirmative 
of the above statements, 
k'^.*--; e . Alpha Radiation . - tfhen alpha radiation arises from a source 

outside the body, it has such limited penetrating power that it is unable 
to produce either systemic or skin effects. Consequently, no investigation 
of this type was undertaken. 
(' f . Mixed Radiation . - In the operation of the pile process, there 

exists the possibility of individuals being exposed to more than one type 
of radiation. Experiments were instituted at Clinton Laboratories whereby 
animals were kept in various parts of the operating areas in which they 
would be exposed primarily to neutron and beta radiation. These animals 
were carefully observed to detect harmful effects. None was found in spite 
of the fact that the animals lived 24 hours per day, for as long as more 
than a year, in the more hazardous locations of the plant, areas in which 
workmen did not spend more than a few minutes per day (See App. B4 & B6). 
g. Instrument Research . 

(1) General . - New instruments had to be developed in order to 
cope successfully with the radiation problems that arose in the course of 
Lianhattan District operations. Certain instruments were required for use 




(Par. 5.3(e)) 



in the separation processes; others were needed for health protection. 
The latter (as indicated in Section 2) were based on well known principles 
of radiation physics, and the chief contributions of the Instrument Research 
group were in developing appropriate ranges of sensitivity, designing port- 
able models, and making other modifications which adapted the instruments 
to the specific needs of the operations. In addition, special instruments 
were developed for measuring the content of various radioactive substances 
in air. 

(2) Institutions . 

(a) University of Chicago . - The Instrument Section of 

the University of Chicago group designed delicate electronic indicators for 
various types of radiation, and adapted such apparatus to the conditions 
necessary for either analytical work or monitoring. This Section also 
produced a large number of instruments for other areas, and designed and 
constructed instruments for determining the content of radioactive sub- 
stances in air (See App. ^4) . 

(b) Clinton Laboratories . - The Clinton Laboratories 
organized a separate Instrument section for the construction of instruments 
especially designed to meet the needs of the Clinton installation. 

(c) University of Rochester . - The Rochester University 
group also assigned a group of men who devoted their time to instrument 
research and development. Standard alpha meters and all purpose meters for 
measuring alpha and beta particles and gamma rays were designed and con- 
structed for other areas with hazard problems from radiation (See App. 66). 

(d) Other Instrument Sections . - Both Columbia Univer- 
sity and Hanford Engineer Works had Instrument Development Groups at 



work on the design of instruments especially adapted to the specific 
problems of their respective operations. 

5-4. Radioactive Substances - Hazard Research , 

a. General . - During the year 1945 - 1946 metabolism 
experiments on polonium, plutonium and radiunyising dosages expressed 
as micro curies per Kg., the short term lethal dose studies indicate 
that polonium is three times as toxic as plutonium and that plutonium 
is at least thirty times as toxic as radium. On the basis of relative 
energies of the alpha particles of these three substances, it is apparent 
that for radium and its daughters and plutonium, the energies per micro- 
curie are approximately equal. The reason for this is that the amount 
of radium lost from excretion is compensated by the retention of its 
daughter products. On the same basis, the polonium/plutonium comparison 
indicates that the former is approximately twice as toxic per unit of 
alpha ray energy dissipated in the body for 10 days, five times at 20 

days and as high as ten times at the 30 day period. Biological explana- 

bcued 

tion for these differences may be «qa la in e d A on the distribution of these 
elements, the radium burying itself deep in the bone, the plutonium in 
the endosteal layers near the marrow and the polonium in the hematopoietic 
and lymphatic tissues themselves. The 6-6 months studies of the compara- 
tive lethal dose tend to corroborate the above findings. Pathological 
findings indicate that radium shows an affinity for the heiratopoietic 
system, vascular system, liver, kidney, bowel, bone, and testes with 
dai-^e proportional to dose and ti^ie. Polonium shows an affinity for 
the hematopoietic s: stem, bowel, and testes only vath damage again probably 
proportional. Plutonium shows iLs affinity for the hematopoietic system, 
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( liver, kidney, bowel, bone ana testes. The changes observed with radiion, 

So 

althcu^. ...ore v.idely distributed, are not ae severe as those noted with 
polonium. An usual finding .itu radiuia is the development of far 
advanced arteriosclerosis of the aorta and larger arteries including 
the coronaries. Studies are being conducted on the injection of non- 
toxic amounts of plutonium, polonium, radium, uranium and possibly lead 
into human subjects in order to determine the excretion rates in the 
urine and feces of these substances. These studies are not ready to 
report at the present time. The information gained from such studies 
will be used in determining accurately the allowable doses as judged by 
excretions of these substances in the careful monitoring of plant per- 
sonnel working with them. The urinary quotient will indicate the amount 
of harmful material present in the body at that unit time. 
( b. Radium . - Although processing of this material was not 

a major activity of the Manhattan District, it was necessary to conduct 
animal studies with radium, to use this substance as a base line of com- 
parison with the other comparatively new radioactive substances. The 
experimental work was undertaken at both the University of Rochester and 
the University of Chicago (See Par. 5-7). 

c . Polonium . - Polonium (Radium F) was being produced in 
relatively large amounts (See Par 3-13) for the ilanhattan District. A 
careful survey of the medical literature revealed that the information on 
its toxicity was very sketchy and of doubtful accuracy. Accordingly, a 

program was established at the University of Rochester to provide the in- 
formation required. These experiment s followed the plan indicated in Par. 
^ 5-4, a., and from them it was possible to arrive at a "tolerance value" 
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for both deposition and urinary excretion (See Par. 2-4, d and e). These 
findings, plus a fairly simple quantitative method of naeasuring urinary 
polonium, resulted in an effective, relatively simple means of monitoring 
personnel. The Injury produced by large doses of this material is primarily 
to the kidneys and the blood-forming organs. Investigations are continuing 
and have served to corroborate the preliminary estimates of "tolerance" for 
urinary excretion. "Tolerance" figures have also been calculated for 
polonium in air, but are of considerably less value, because btie amount of 
absorption through the lung has to be estimated. 

d. Plutonium * - The University of Chicago carried out 
most of the research on the metabolism of plutonium (239) and its toxic 
effects on the animal oiganism. It was suspected that this material 
might behave in some fashion similar to radium and, therefore, parallel 
studies were made on radium for purposes of comparison. The Crocker 
Radiation Laboratory of the University of California was enlisted to 
carry out part of the experimental work on plutonium. Plutonium (239) 
was made in the cyclotron at the University of California in trace 
amounts and used in metabolic experiments (See App. £4). The relative 
effects of plutonium alone or in combination with other substances were 
compared. The results of these experiments with tracer amounts of plutonium 
were used as pilot experiments, for establishing the type of experimental 
work to be done by the Biological Section of the Chicago group, when larger 
amounts of plutonium became available. The work at the Crocker Radiation 

Laboratory also included work carried out on soils of various geologic 
types which were artifically contaminated with plutonium (239) (See App. 
B4). Tests were luade to determine the effect of the contamination on grow- 
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ing plants and to esticiate the efficacy of various methods of decontamina- 
tion in removing such materials from the soil. Another phase included work 
on methods of removal of absorbed plutonium from the animal body (See App. 
B4) . In addition, certain chemical experiments were carried out by this 
group in developing new methods useful in their work (See App. B4). 
Results to date would indicate that plutonium after absorption may be one 
tenth or one fiftieth as dangerous as radium. "Tolerance" figures for body 
deposition, air content, etc. have been developed by taking the most con- 
servative assumptions, with the result that in this work great effort was 
expended to keep contact down to extremely small amounts.. Recent work on 
a method of measuring urinary excretion is promising and it appears likely 
that it soon may have practical application. 

e . Fission Products . - The experimental work on these radio- 
active products was carried out by the University of Chicago group of 
investigators and by the Crocker Radiation Laboratory of the University 
of California. In the pile process, a number of radioactive breakdown 
products of uranium are formed, and in the chemical separation of 
plutonium these substances could be hazardous. These fission products 
are formed by actual splitting of uranium or plutonium atoms into two 
portions of unequal sige . Since they are radioactive, there is the double 
problem of acute toxicity and the chronic effect of the radiation pro- 
duced by material deposited in the body. These problems also required 
investigation, and experiments were planned to carry them out. A t first, 
none of the calculated fission products was available and they were made 
for the project by the group working with the 60-inch cyclotron at the 
Crocker Radiation Laboratory. The scope of the work on fission products 
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included: determination of poisonous or toxic levels on various species of 
animals j study of acute and chronic poisoning after exposure to fission 
products by feeding, breathing, ana introduction of the substance me- 
chanically into the blood stream or tissue spaces of the body; the effects 
on the various organs of the body after each type of exposure; and the 
rates of elimination of substances from the body. Methods for removal 
of these substances from the body were investigated (See App. B 4)» 
The Crocker Radiati on Laboratory of the University of California also 
carried out work on fission products (See App. B 4). The metabolism 
of the fission products in animals was studied, and the effect of arti- 
ficial contamination of soils of various geologic types with fission 
products was investigated. Tests were made on plants grown on such soils, 
and methods of decontamination to remove such materials from the soil were 
studied. Another phase of the problem dealt with methods of increasing 
the elimination of these substances from the animal body. The University 
of Washington also carried out some work to determine the effect of stream 
pollution by water from the pile, on fish native to the Columbia River. 
Fish were raised in tanks fed by various concentrations of the 
effluent from the piles (which contained minute amounts of fission 
products) and observations were made. Insufficient time has elapsed to 
form any conclusions from this study. During the period of 1945-1946 the 
fish program has continued and the results are being co.apiled for a 
comprehensive report. The plan of work is «*: 1.) follow- up of the 
present experiments' extending thru 1943* 2.) continuation of the exposures 
to chemical materials and also observations of possible effect in the 
Columbia River; 3 • ) completion of the histological studies already in 
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{ 1 progress on fishes damaged by the variety of x-ray dosages. 

I f • Uranium . - During the period of July 1945 to June 1946 

j 

; a variety of animal species were exposed to the dusts oX five uranium 

i 

! compounds, UF6j l»2, UCI4, UF4 and 0*02(1103)2. These compounds were 

I 

selected because the greatest number of employees were exposed to these 

substances. 002(1103)2 was included in the above list because of the 

necessity of a base line of comparison with data available in the 

scientific literature. (Most of the animal experimental work done prior 

to the Manhattan Project was 4m» with U02(N03)2.) Two concentrations 

^IPIt* of dusts were used in the experimental chambers. One dust level was 

selected because it was thought that it would produce no toxic effects, 

4S o/ftett 

and the other level (approximately ten times A groat or) was chosen because 
it would probably cause ml ni ma], toxic effects. In this manner , the 
( probable maximum safe level of dust concentration would be established. 

The experimental results thus far indicate that the established tolerance 
level allows a maximum factor of safety to the people who work with these 
compounds. Additional important work consisted in the development of 
'l&f* accurate methods for the measurement of the particle size of uranium 

compounds in the air. These techniques are used in the control of the 
concentrations of the uranium compounds in the experimental inhalation 
c bathers, and in the monitoring of the concentrations of such compounds 
in industrial areas where humans are exposed. Techniques for the fraction- 
ation of the particles of uranium compounds into lots of uniform size 
have been developed. In this way exposure of experimental animals to 
particles of known size can be determined. Preliminary data indicates 
v that the small particles are most toxic. 
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5-5- Substances of Potential Chemical Toxicity . - The special 
materials vrtiich were developed for use in the processing of uranium coot- 
pounds constituted potential medical hazards, since, like uranium, very 
little was known concerning their toxicity for the human body. The most 
important of these substances were elemental fluorine and various. com- 
pounds manufactured by reacting fluorine with hydrocarbons (fluorocarbons 
- C^?2_S> ^8*16 « ' The toxicity of these substances was tested by 

an experimental program similar to that used by the Toxicology Division 
of the U. S. Public Health Laboratories. Protective devices were tested 
and recommended for installations requiring their use (See App. B 6). The 
work on these special substances was carried out by the Pharmacology Div- 
ision of the University of Rochester. No additional substances in this 
category were tested in the year 1945-46. 
5-6. Industrial Research. 



a. General , - The industrial application of results of the 
research program is described elsewhere in this volume (Section 3 In- 
dustrial Medicine) . In conducting the Industrial Medical activities it 
was necessary to do certain non-medical research primarily concerned with 
hazard control. 

(l) University of Chicago. - The Chicago group studied 
methods of monitoring and developed methods of using x-ray film and 
ionization chambers to determine the amount of radiation existing around 
working areas. Ventilation systems were studied and working areas were 

designed to offer the maximum protection. By use of the data developed 
by the workers in this research group and the animal research group, 
measures were instituted to cover all likely possibilities of exposure and 




to safeguard the workers in all cases. 

(2) Clinton Laboratories . - The Clinton group had an in- 
dustrial research section similar to the one at Chicago. This group as- 
sumed responsibility for the medical supervision and protection of all 
workers at Clinton Laboratories, both by monitoring the plant and making 
physical and laboratory studies of the workers at frequent regular intervals. 

(3) The University of Rochester . - The University of 
Rochester also had an industrial research section. Film and instrument 
monitoring methods and protective devices were developed, for the pro- 
tection of the workers exposed to uranium and other special materials 

(See App. B 6). Actual monitoring of the plant areas^ under the supervision 
of the District Hedical Section, was done to detect dangerous amounts of 
radioactive substances. Consultant service was provided, for the determin- 
ation of the extent of the radioactive hazard in the individui.1 industry. 

5-7 • Reports on Research Activities . - The various research sec- 
tions kept in close contact with the Office of the Medical Section through 
the medium of progress reports. The Chicago, Clinton Laboratories, Uni- 
versity of California, and National Cancer Institute reports are filsd 
vith the District and are designated as the CK and CK reports. The Uni- 
versity of Rochester and Biological Foundation reports are also filed in 
the Office of the Medical Section and are designated as It reports. The 
reports from the University of Washington s^re filed in the same office 
and axe designated as Fish Program Reports and Charts. 
5-8. Organization. 

a. Manhattan District Personnel . - The District Engineer was 
required to approve all contracts of the Manhattan District, Including 
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those for medical research. The Chief of the Medical Section, Colonel 
Stafford L. Warren, acted in a staff capacity to the District Engineer , 
to provide information on the District requirements for biological research 
and to report the progress of the program. Colonel Warren organized, 
supervised, and integrated the medical research program* In this 
task he was aided by Lt. Col. H. L. Friedell. In March 1945, Lt. Col. 
Friedell was appointed Head of the Division of Biological and Health 
Physics Research of the Medical Section. Capt. J. W. Howland was 
selected as Assistant Division Head, and, with Capt. David Goldring, 
■W?r- acted as liaison officer to the research organizations. The relationship 

of the Division of Biological and Health Physics Research to the civilian 
research agencies is illustrated in the attached chart (See App. C 22). 

b. University of Chicago . - The Health Program of the Met- 
C allurgical Laboratory of the University of Chicago was directed by Dr. 

Robert S. Stone, formerly professor of radiology at the Medical School of 
the University of California. Dr. Stone joined the Metallurgical Project 
as. Associate Project Director for Health, in June 1942. He was charged with 
the responsibility of protecting the health of all of the individuals en- 
gaged in the pile process. To discharge this obligation he was required 
to procure the necessary personnel, to set up safety standards and safe- 
operating procedures for the pile process, and to plan and supervise the 
research necessary to insure intelligent formulation of the standards of 
health protection. Dr. Leon Jacobson^a member of the staff of the Uni- 
versity of Chicago Clinics, had been assigned previously the task of 
clinical care of project employees, first as a consultant in January 
191*2. and later as an assistant (November 1942) in that capacity with 
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Dr. Stone. Dr. Simeon T. Cantril, previously Director of the Radio- 
logical Department of Swedish Hospital, Seattle, Washington, became 
Dr. Stone's assistant in August 1942, and, with Dr. H. M. Parker, an 
expert in radiation dosimetry, instituted the industrial hazards section, 
charged specifically with the responsibility of instituting safe-operating 
practices for radiation and radioactive substances (Both Dr. Cantril and 
Dr. Parker were transferred to Clinton Laboratories in August 1943 j to head 
the Health Program and Instrument Section respectively). Dr. £. W. Ifollaa, 
Assistant Professor of Physics, University of Chicago, aided in the develop- 
ment of monitoring instruments and in the design of the shielding required 
by operation of the pile. After Dr. Cantril left the staff, Dr. L. 0. 
Jacobson became assistant to Dr. Stone. The activities of the organization 
were divided into the following groups, headed by the persons listed: 

1) Clinical Medicine - Dr. L. 0. Jacobson 

2) Biological Research - Dr. K. S. Cole 

3) Industrial Hazards - Dr. J. J. Nickson 

Dr. Cole had been Associate Professor of Physiology, College of 
Physicians and Surgeons, Columbia University, and performed experiments on 
toxicology of radioactive substances. He was assisted in this work by 
Dr. R. E. Zirkle, Professor of Botany, University of Indiana, Dr. C. L. 
Prossar, Assistant Professor of Zoology, University of Illinois, and Dr. 
A. M. Brues, Associate Physician, Huntington Memorial Hospital, Boston, Kass. 
Dr. Albert Tannenbaum, of the research staff of Michael Reese Hospital, 
Chicago, Illinois, performed the feeding experiments to determine the tox- 
icity of uranium compounds for mice. The Industrial Hazards Section, after 
Dr. Cantril 's departure, was headed by Dr. J.. J. Nicksonf serving directly 
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under Dr. Jacobsoi^who was assisted b,y Lr . John E. Rose. Assisting in 
the Section on Clinton Medicine were Dr. Samuel Schwartz, who was in charge 
of biochemistry, and Or. E. S. G. Barron, Associate Professor of Medicine, 
University of Chicago, who directed studies of enzyme Chemistry. The 
Pathology Section was headed by Or. V&lliam Bloom, Professor and chairman 
of the Department of Anatomy, at the University of Chicago. Dr. Bloom was 
assisted by Dr. Herman Lesco. Dr. G. Fail] a, Professor of Radiology and 
Director of the Radiological Research Laboratory, College of Physicians 
and Surgeons, Columbia University, Dr. W. H. Talliaferro, Dean, Division of 
Biological Sciences, University of Chicago, and Dr. J. Watson, Professor 
and Head of the Department of Medicine, University of Minnesota, acted as 
consultants to the project. The organization grew in size as the research 
program expanded, until approximately 215 persons were employed at the period 
of greatest activity. This does not include the °0 people employed in the 
clinical group* Not included in this total are persons in the Instrument 
Section who worked full or part time on the development and maintenance of 
instruments required by the Health Program. 

c. Clinton Laboratories . - The health program at Clinton 
Laboratories, under the supervision of Dr. R.S. Stone, was directed by 
Dr. Simeon Cantril, from its inception in July 1943 to September 1944. 
He was replaced at this time by^John Wirth, who had been previously at 
the National Cancer Institute. Dr. Wirth, in addition to his duties as 
director, supervised the clinical medicine section of Clinton laboratories. 
Br. H. J. Curtis, formerly Assistant Professor of Physiology, College 
Physicians and Surgeons, of Columbia University, was in charge of 
biological research. Dr. K. Z. Morgan, previously a research physicist 

S.1Q, 
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at the University of Chicago, was in charge of the instrument section. 
At the peak of employment, a total of appro>±mately 100 persons were em- 
ployed by the Clinton Laboratories Health program. 

d. The University of Rochester . - The Etiological and Health 
Physic 8 Research project of the University of Rochester was inaugurated 
in April 1943, with Dr. Stafford L. Warren, Chairman of the Department of 
Radiology, in charge. He organized and supervised the project, which was 
divided into the following major sections, headed by the individuals 
listed: 

1) Radiology - Dr. Andrew H. Dowdy. 

2) . Eharmacology - Dr. Harold Hodge. 

3) Instruments and Special Problems - Dr. Williaai F. Bale. 

All of these men were members of the staff of the University of Rochester 
( at the start of the project. Dr. Dowdy was associate professor of radio- 

logy, Dr. Hodge was associate professor of biochemistry and pharmacology, 
and Dr. Bale was associate in radiology. As Dr. Warren became more and 
more concerned with activities of the Manhattan District, Dr. Dowdy 
became assistant director and, in November 1943* was appointed director. 
He continued to supervise the radiology section, until Dr. Robert Boche 
(Research Fellow University of Pennsylvania Hectical School) was added to 
the staff, in the spring of 1944, to head the department. Dr. Dowdy was 
assisted in the administration of the project by Lr. Kaury Wantman, who 
also was in charge of the statistics section. Other individuals wh@ 

supervised research groups included : 

(a) Br. George Boyd - - Head of Cyclotron and Nuclear Research 
Department, Biochemical Research Foundation, Newark, Del., in charge of 




special studies of the toxicity of certain radioactive sub starves. 

(b) Capt. Fred Bryan Formerly instructor in the School of 

Medicine and Dentistry, University of Rochester, in charge of hematology 
(subsequently replaced by Dr. George Suter, also instructor in Medicine, 
at the University of Rochester). 

(c) Dr. Alexander D ounce Instructor in Biochemistry at the 

University of Rochester, who was responsible for enzyme chemistry* 

(d) Dr. Francis Haven - - Associate in Biochemistry at the 
University of Rochester, who was in charge of the mechanism group. 

(e) Capt. Roger Ustcalf - - Who was responsible for the pathology 
of the experimental work. 

(f ) Dr. L. T. Steadman Associate in Radiology at the Uni- 

versity of Rochester, in charge of spectrochemistry. 

(g) Dr. Herbert E. Stokinger - - Immunochemist, University of 
Rochester, who was responsible for supervision of inhalation experiments. 

(h) Mr. David Tiedemann — Who replaced Mr. Wantman as head of the 
statistical section. 

(i) Capt. Paul Rekers Conducted special hematological research 

in radiation exposures. 

( j ) Capt. William Valentine Conducted similar hematological 

research in radiation exposures as Capt. Paul Rekers. 

(k) Dr. Carl Voegtlin - - Retired Chief of the National Cancer 
Institute, an authority on toxicology, served as full time consultant to 
the pharmacology section. 

Other part-time consultants to this section included: 

(l) Dr. H. H. Schrenk Associate ToxLcologist of the Bureau 




of mines. 

(m) Dr. J. F. Treon Instructor in Toxicology, Kettering Lab- 
oratory of Applied Physiology, Cincinnati, Ohio. 

As the research program expanded, especially trained individuals were 
added to the staff until a peak of approximately 360 persons was reached. 

e. University of California . - The medical research program 
at Berkeley was under the direction of Dr. Joseph G. Hamilton, Assistant 
Professor of Medicine and Radiology, Radiation Laboratory, University 
of California. Dr. Hamilton was assisted by Dr. Louis Jacob son, Dr. 
Bay Overstreet and Dr. Kenneth S. Scott. The program was closely 
correlated with that of the University of Chicago. Approximately 16 
persons were employed at the peak of operations. 

f . National Cancer Institute . - The work at National 
Cancer Institute was under the direction of Dr. R. R. Spencer, Chief of 
the National Cancer Institute of the U. S. Public Health Service. He 
was assisted by Drs. £. Lorenz, A. B. Eschenbrenner, M. Deringer, 

W. £. Heaton, aod approximately 6 others. 

g. Columbia University . - The research performed at 
Columbia University was integrated with the radiation program of the 
University of Rochester and was under the direction of Dr. G. Failla, 
Professor of Radiology and Director of Radiologic Research Laboratory, 
College of Physicians and Surgeons, Columbia University. He was assisted 
by Dr. T. C. Evans . Approximately 6 additional persons were employed 

on this project. 

h. Biochemical Research Foundation . - The program of re- 
search at the Biochemical Research Foundation, Franklin Institute, Newark, 



Del. , was directed by Dr. Ellice McDonald, Director of the Foundation. He 
was assisted in this work by Dr. Harold X. Terrell. Approimately 14 
other persona were employed in the program. 

i. University of Washington. - The fish program conducted 
by the University of Washington was headed by Dr. Lauren Donaldson, 
assisted by Mr. Richard Foster. Approximately 4 other individuals were 
employed in the performance of this experimental work. Mr. Han ford Thayer 
acted as CSRD consultant to the project. 

J* The Cost . - In most cases the research projects in the 
foregoing paragraphs were carried out in areas where types of research 
other than medical were being performed. Because of this fact, costs 
for the medical research alone are not available, since all costs have 
been lumped Into one sum for each project. 
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SiCTICN 6 - ORGANIZATION ^^p.^' 
6-1. General . - On 1 Kay 1943, a«U OSRD contracts pertaining 
to the development of atomic power, including associated biologic 
and health physics research programs, were transferred to the Manhattan 
District, and, to insure proper coordination and to avoid duplication, 
all research programs were made subject to the approval of the District 
Engineer. It was essential, therefore, that a well-qualified physician 
be procured to act in a staff capacity to the District Engineer. A 
survey of the leading medical authorities familiar with the special 
medical problems encountered in project operations revealed that Dr. 
Stafford L. tfarren, Professor of the Department of Radiology, Univer- 
sity of Rochester, Rochester, New York, was the best qualified physician 
available for the position. Accordingly, in inarch 1943, Dr. Warren was 
( appointed consultant to the District Engineer and began the development 

of the organization required to discharge the responsibilities delegated 
to the Section (App. Al). 

6-2. Officer Personnel . - The Medical Section of the Manhattan 
District . - The first medical officer ^attached to the District was Lt. 
Colonel, (then Captain) Hyner L. Friedell who was assigned as liaison 
officer to the Metallurgical Laboratory of the University of Chicago in 
August 1942. Vfith the appointment of Dr. Warren as Consultant to the 
District Engineer, Lt. Colonel Friedell became his executive officer. 
In May 1943, liajor (then Captain) John L. Ferry was added to the staff 

and was given the responsibility of supervising the industrial medical 
programs of District contractors and of acting as liaison officer to the . f 

i research program at the University of Rochester. During the summer of 



1943, Charles E. Rea, 11. D. (now Lt. Col.), Harry Pit luck, D. D. S., and 
the late Viilliam B. Holt, M. D., were procured from civil life to provide 
care for the community of Oak Ridge. Dr. Rea was appointed Chief of 
Clinical Services for the Area, Dr. Fitluck, Director of Dental Service, 
and Dr. Holt; Director of Medical Service. On 5 November 1943, Dr. Warren 
was commissioned a Colonel in the Army Medical Corps, A. U. S., and desig- 
nated Chief of the Medical Section. His organization grew in size as 
operations of the District increased, until, on 1 July 1945, there were 
72 medical, 3 dental, 3 medical administrative, 1 veterinary, and 1 sani- 
tary corps officer assigned. There are charts to indicate, at intervals 
of six months, the growth of the organization, and the individual assign- 
ments within it (See App. C12). The activities of the Section were 
divided largely into three groups coordinated by the Section Chief' and his 
Executive Officer: 

a. Biologic and Health Physics Research. 

b. Clinical Medicine and Dentistry. 

c. Industrial Medicine. 

6-3. Qualifications* - The qualifications of officers assigned to 
the District are indicated on "personal history statements" (See App. BIO). 

6-4. Contractors' Medical Organizations . - The Section Heads of the 
major contractors medical organizations are indicated in Section 3 of this 
volume which describes the activities of those organizations. 

6-5. Assistance from the Surgeon General's Office . - Arrangements 

were made, in September 1943, with the Surgeon General's Office (App. A4)» 
to commission certain civilian medical personnel employed by the District, 
to obtain the additional medical department personnel required by the 



District, to make available the n&terial procurement facilities of the 
Surgeon General's Office, and to use funds available to the Surgeon Gen- 
eral for the medical and dental care of military personnel stationed at 
Manhattan District Projects at which there were facilities for providing 
medical and dental care. In the interests of security, Colonel Arthur 
B. Welsh was appointed by the Surgeon General as his liaison officer with 
the authority to approve requests from the Manhattan District. Further, 
the District Engineer and the medical officers under his control were not 
required to submit to the Surgeon General any reports which would reveal 
the nature, scope, or military importance of the project. (All of the re- 
ports of the work of the Manhattan District which ordinarily would have 
been forwarded to the Surgeon General were- prepared and retained in the 
files of the Medical Section.) Finally, medical department personnel 
assigned, attached, or allotted to the Manhattan District would not be trans- 
ferred to or from the control of the District Engineer without his prior 
approval. This measure was considered necessary to control the security of 
classified information and to maintain especially qualified personnel at 
their assigned tasks. The relationship with the Surgeon General functioned 
efficiently from its inception, and is continuing at the time this history 
is written. Lt. Col. Carl B. Sox replaced Colonel Welsh as Liaison Officer 
during the spring of 1945, but otherwise the relationship has continued 
unchanged. 
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10 August 1943 



Subject: Responsibilities of the liedic&l Section 

To: Dr. Stafford L. Warren, Chief, Medical Section 



• <*•*•-*»> 



v 



Reference is made to your communication of June 17 and subse- 
quent conferences on the basic rubject. 

The functions and responsibilities of the Medical Section 
include the following: 

1. To carry on or arrange for and to supervise or 
maintain liaison with such research work as is deemed 
necessary for carrying out the functions of the Medical 
Section. In this regard, however, all existing research 
agencies working on the health nr^blems of the nroject should 
be utilized to their capacity and every effort should be made 
to have them do additional research work when required and to 
avoid duplication of effort. 

2. To determine what health hazards are oresent in any 
of the operations of the Manhattan District. 

3. To determine what protective measures should be 
taken to eliminate or protect against any specific health 
hazard of a serious nature. 

4. To keep the various contractors and Area Engineers 
informed' in regard to approved measures to be taken for the 
safeguarding of health. 

5. To organise and operate a hospital, medical service, 
and dental service at the Clinton Engineer Works. 

6. To confer with and to advise the Area Engineer and 
contractor at the Hanford Biglneer Works and to determine 

that proper Hospital and Medical Services are established there. 

It will be the responsibility of the Area Engineers involved to 
see tint the approved or recommended protective health measures are put 
into effect hy~the contractors although the Medical Section will be ex- 
pected to give assistance and cooperation in this matter by making perio- 
dic inspections to check on the working 'out in actual practice; of the 
protective measures devised. •' 



' Dr. Stafford L. Warren 
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10 August 1943 



.The organization of the Medical Section and the personnel 
signmente are noted. The Section itself will be administered by: 

Dr. Stafford L. Warren, Chief, Ifedical Section 

Dr. H. L. Friedell, Executive Officer, Medical Section 

The assignment of Captain John Ferry to the Medical Section, Special 
Products, has been approved in a communication dated 8 August 1943. 

The assignments of Dr. Charles Rea as Clinical Supervisor, 
Clinton Engineer Works, and Dr. William B. Holt as Chief, Hospital 
Service, Clinton Engineer Works, are hereby approved. 

For the District Engineer: 



K. D. NICHOLS 
Colonel, Corps of Fa^ineers 
Deputy District Engineer 



cc: Area Engr. , Hanford Engr. Wks., Pasco, V.>" v i. 
Dep. Distr. Engr., Knoxville, Tenn. 
Area Engr., Chicago Area 
Area Engr., Wilmington Area 
Area Engr., California Area 
Area Engr., Colunfcia Area 
Area Engr., Murray Hill Area 
Area Engr. , New York Area 
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UNITS) ST^r-j OFFICE 
In reply Manhattan District 

refer to EHIE Oak ftid^e, Tennessee 



Subjecti Urant of authority for thr Oak Pl-i ;e li-ialth Asnuciati . i. 
To: All Oovern..tnt nnd Cpemtin ; Coiitr. r'-r rers.miel 



Fcr th#» furtherance of lie sue cos if.. I i> .rat i ' , an :r.stru-..«r' 

ity of the Clinton ^.gineer : r>s, to ;* :;n r.n -s tr.* C;..: .u ir« H^ltr. 

-ssociatior.. Is r*reby cr*s.t.-a -'.J, * »-.!' c: v • . .-r««r.a.i«.. 

set forth, it Is authorized '.«. i 1- , s-'-- • : : * v '- A jJ- 

tary nodical and hospital j l:-n i v •» . ..es^wll. 

be fumisi.ed tc neateri. .anu ,«d.i f--f ' ." ; ' 3 * • v 

health of ce.afcerr by :..aklry it joa^l; »• v c ~' e " - • rv " > ' " r 

•j-Tly treatment .f ilinc-j?; ••»« • . r- <. r -sj^' • :. 

scientific education if.i - th>. r . . :•-;« : r .r.- p'C' s - : '- 

welfsre of ita r*. c-rsldp. civ-1. .. si. ^ 1 i <: ....7,ed «.nu ;•• r- 
ated 3otJict j.o tji* foii.-w::. • - n«r 1 c •'•'« 



1. ;;erahership sr. .a - .-• s:r! J • -v. rr . .: ; -.ratine con- 
tractors perscnnel nt 'U Ci : / ■ -•• ' "* ,r - of their ine 
diate families (spo-s.- ai..! c:.ii .r* . r .virtue:. t" age) whe r»s;* 
at Oak .iirt t --e, Tennessee. l>x..b-r*:ui ..r^ll b-.- -r. a ,*r ; aals, each rrour 
to consist of one cf tne if or*. r.ed agencies, atu .. i". * • 
gible for ad-nission upon tr.c .«:..: :r. : ti-sn of at. lest, i eveV y-. - 

(75>) of its totr.1 perso.-mcl. .' .^ocl-.ti^r. ^hal 1 : ■- ; ■ r.'- • • • - 
profit basis and Its subscript! .*. '..-rocs si.*.;, r- ."<;..:; ;, i.v ; 
defray the operative and Rimini. -:r.' "r/e c-x;. t-f.;u^ f ^sjci i i . • - 
ir^ the establishment urx-i maint. r.'i..ce f n-3-. rvo : ..- .-1 n.^sonat^ . . 
to provide f<jr oaf oreseeiblc e-wr -i- r; ;.r.: . ' r •. • 
obligations A the association ipjn it:* diss* Liti^r. . r-v.^ta, . .:•..<.-•.• , 
whe a.-.iount cf sjcIi rua»rv*> f .m: ■ ar.all :.^t be ^ets '.r.v.. i s l.. ^ .-- v • " 
the a»- ■reg-.te of t i.ree .m* lars . ,3.00) por m -rib. r ir. ..c . .r-iut.".-t ... t 
total vf^crsuip. 7n.j U;l-1 s..:~ t >l :s funds Ir.cl^cLr..- • :f ; • 

fluctu'ite bet\/eon ir^ a.^ru,-.»v "! ll'-rr. v " - 1 ^ :r '*" ' u --"- 

( v 3.00) per :xi±or. If the s-rpl li.cl^ii.r the rv :ftr/« .un--, "•"•^"^ 
excued the a^rct'ate t«»r. dolj-.-ra ( ^lJ.'X) r-c" -*-^--r, action s:.al* 
taken to readjust the ;-.oci! ershlp ' ur bc-nof Us. 

2. The Association shall r-e -"r^nr.izei -n i ....f.art^ ty a : ^ u [" ! 
Directors of r.ct jess wi an l\#i*v (IZ) nie.-iL-. -a rep"cs*.\l V.lve : ' — s " 
trict Sngineer arnl of tl.o -jbtoKb*-:- .:.d ; •■ .clan .>"<•-?= iS 
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Grant of Authority forth* (a* Jidge fcalth Association. 




froa each (roup 
for each no*v» 



c. representatives Bill f 

by the «ub»crib«r group«\ ^ 
fro* the date of thoir respectiva 
of category a. a&flbera 
""'"aiaabers of cat— 

_ i ¥ of the District 

erT&all vacancies on the board ©Ff4tegory%. oeabera will be filled 
Oiitriot Znct^MNP oo th« raooaoandation of tho phyaicir is* group, 
lee la cateap^^alll be filled by the District Engir. - r> t ' t 

. a. Tlw Board of Dirwto^ ahall select f roa ita aaabarship^^ 
■resident, vice-president, secretary, and traaaarar of the Association 
id it any mploy a ouaineas nanager and such otlfer employees aa'nj^i; 
necessary for theftxocution of the Association^ pork. Tho board; |» 
fell aake all dacialona aud do all thlnge neceaaary to carry out the? 
relation's objectives. It shall adopt a set of by-laws atatlng the 
ies of its officers and key eoployeaa and prescribing its rules of 
eedure and operation. A certified copy of the by-laws and of all 
ndoenta thereto shall be promptly furnished the District Engineer 
•hall hare the potior of veto in nhole or in part thereof* 

b. The treasurer or his successor shall be the custodian of 
the Association's funds and shall be solely responsible to the 
aiation and to the District Engines r for their collection, safe- 
Ing, dlsburseuant and accountability* The treasurer shall prompt j 
lit or cause to have deposited all Association funds in a selected 
which* shall be a aaaber of the Federal .to serve System to the credit 
s OaW Etldga Health Association. The depositary of the funds, in 
or in part, shall not be reaoved to any other bank or place. 

(1) All disbursements aade froa the funds of the Association 
hall be by check signed, "The Oak 31dge Health Association, by 

. Treasurer, * provided that the treasurer or his 
icosesor aay. on his ensn reoponsibility, sot up with adequate- 
f« guards and accountability such petty cash account as aay be 
ces sexy but not to exceed fifty dollars (050.00) total, and 

peynsnt tharefroa shall exceed twenty-fire dollars (^25.00) 

aaount. 

(2) The treaeurer ie authorised during periods of his ab- 

:e in excess of two days froa Oak .tldge, Tennessee, to appoint 
iputy Treasurer to perform his duties. In the event absence 



,*}V 



Subjectt Grant of Authority for the Cnk .tLdqe Health association 



of the treaaurer fron Ok .dace shall exceed thirty (30) conseeu— 
tive days, the Board of Directors shall appoint a new treasurer. 

c. The secretary of the board shall keep accurate atnutes of 
all nsetinga of the Board of Directors and Executive Consdttee, as 
uell as perform other duties as may be assigned by the board* A copy 
of all oinutes shall be promptly furnished to the District Engineer. 

d. The Board of Directors shall met as often as. neoesaary to 
properly supervise the activities of the Association. ' ^tegular aaeti; s 

shall be held at least quarterly. 

e. The president shall preside over all meetings of the Associa- 
tion and of the Board of Directors. 

f. The Board of Directors shall elect fro* its aaabership an 
Executive Committee composed of six members, three of whoa shall be 
physicians, headed by a chairman who vill be the saoe individual aa 
tho president of the Board of Directors. The board will also elect 
from its neaoberahip a Budget Comaittee and an Audit Coaoittee of 
three aeabere each, and audi other cooaittoee as shall be considered' 
necessary by the board. The plenary function of the Executive Coav- 
nittee shall be to supervise the operation of the asaocir Mon as 
directed by the Board of Directors. The Budget Coosdtte' shall keep, 
itself fully inforoed as to the financial statu* of the Association 
and shall study all budget matters submitted by the business — ntjpr 
and aake recosnendations to the board as to the course to follow la 
the natter of budgeting funds. Tike priaary function of the Budget 
Coonlttee shall be to keep the board info raid of the financial status 
of the Association and aake recosnendations for corrective action when 
necessary to insure that the financial statu* of the Association la 
sound at all Uaea. The Audit Cooed t tee' a primary responsibility 
shall be to insure that an adequate bookkeeping and accounting eye tea 
is Maintained at all tloes; that all disbureeuents are for authorised 
purposes and within budgetary LLaitsj and that all property and funds 
are properly accounted for. 

4. Officers of the Association and aaabere of the Board of Director* 
•hall serve without compensation. Enployeee shall be orwajenssl ad at ***** 
not in excess of those paid locally for sisdlar eervleee and aa ■hiiiimJ 
by a aajority of the Board of Director*. Officer* or eaployea* of tha 
Association eharged with the handling of lta fund* ahall be adaqoaialy 
Donoaq. 



Mbjsttf Orant of Authority for the Oak XLif^ Health Association. 
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$• Bocpltal eerrioee at the Oex .ildgo Hospital will be procured by 
oontraet with the Imm A nd erson Coupany or ltt successor at charges which 
wqr be subject to periodic adjustment on the basis of hospital costs or 
other**** as a*y bo approved by the District Engineer. Uedical feee nill be 
to those charted la the surrounding territory. 



6m Offieo space and oonlpant will be aade available by the District 
Engineer with or without rental for the Association* s use. AT such facili- 
ties will re— In the property of the Ooremmnt and shall be . - Id account- 
able as ouch. Adequate ajsesurss will be adopted for their curs and aaln- 



7. A financial and — bershlp statement snail be prepared monthly 
and copies thereof shall be furnished each oaober of the Board of Directors. 
A copy thereof > signed by the president and the treasurer shall be pronptly 
delivered to the- District Engineer. Adequate records shall be jaalntalned 
of the Association's activities and coop* tent safeguards, bookkeeping, and 
accounting procedures equal to Ail 210-50 and K. Pom IS shall be in- 
augurated and oalntajnod for the protection and accountability of all 
property and funds for which the Association Is custodian. The District' 
Engineer shall have the privilege of auditing or Inspecting the accounts, 
books, and affairs of the A ss oci a t ion at any tine or to require additional 
reports relative to the Association's operations. 

8.. The association nay be dissolved at. the discretion of the District 
SnglnMr with jor^thout the reooonendatlon of the Board of Directors. In 
the event thereof, the Board of Directors will proceed to liquidate all out- 
standing obligations within a year laoedlately following the receipt of notice 
to dissolve and 'nill .thereupon dispose of all assets and surplus funds and all 
property" in its custody* The disposal of assets and surplus funds of the 
A*nwrl»tlon shidXbe f wi^ tbe concurrence of or at the direction of the Dis- 
trict Knglneerj as f ollowsi (1) By donation to the American asd Cross, the 
Mstiooal 3ar fund, and/o^- the Salvation Amy) (2) by transfer to a successor 
nrfjanlattl^l •<^*P*ff l> ^tticfr/ other d o n a tion s or transfers as desired except 
tha*Tln no instance and under no circumstances shall any of the assets or aur- 
plue' funds be dis^tributed to sny of fioer or asober of the Association. Dis- 
position of Oovernaent property in the eustody of the As so cist 'on will be uiti. 
tbe^ccocurreca^ of or at the direction of the District Engine' .*. 

9. The ■natinnr trf the Board of Directors and officers of the Associa- 
tion - K * 11 not' be held personally responsible for any losses or any liabili- 
ties of the Association, except individually as shall be caused by the fraud 
or bad faith of any such oeeber or officer. 



10. This grant or'authority shall be retroactive in effect as of the 
first day of August l%3,?and shall raaala continuously In effect until 
revoked by the ^strict-Engineer, 




/•/ K. D. mchols 
I. D. HIGHOU, 
CoL., Corps of Engineers, 
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United States Em«hhwi 
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F. 0. Box 1111, Knoxvllle, Tenn. 



15 February 1S44 



Subject i HoepiteJ and ? edieal Faoilitiea for Oak kidge 

iEVORAJfDL'V ro Liatrict Engine*!-, Manhattan Dietrict 
vAtte tion Lt. Col. T. T. Crenehaw) 

1. Reference It made to zero -IDI'^-ll, 29 January 1944, In- 
dicating that a minima of 45,000 "permanent" re a i dent a will be 
houaed at }ak Ridge with a poaalble peak of 53,000 by July 1944. 
Other information indleatea that between July and Oeoember, an addi- 
tional 25,000 con it rue tion worker a will alao be housed on this area. 

2. Adequate minimum reqiri. renenta ahould be made available for 
both oonatant bed occupancy for expected illneaaea in thia area, 
and a certain amount of exceae capacity, uaually 20-;, for audden 
epidemic a. There are no date, from wa ch t ^ determine directly the 
requirement • of the aonewhat abnormal community a t ?ak ~-:idge. how- 
eTer , there are certain aa sumptions which rev, be rade fron current 
experience. 

i. The ratio of beds to population in the 1. S. Tor 193$ waa 
3.4/lJOO, with 60/1 occjpamcy. For 1943, the ratio ia dol available, 
but the occupancy waa nearly 95,., which la dangerously high. Thia 
sudden increaae in bed occupancy may be directly the result of 
several factorsi 

a. The a mailer number of phyalciana available, which make a 
it impossible for tick patienta to be oared for in their home a, 
as wma the cua torn previously. 

b. Vore membera of the family working, with noon* at home 
to care for the patient. 

c. f n influx of single "wir" workera into communities 
where they have to be hospital 1 1 ed when ill. 

i. atierta • • rn 1 n g itore -oney dema-ad the better care and 
lo*er risk ».:ucr, ho§; Ital f icilitlea provide. 

til :T th«*se T»?tors are present at ak nid^e. Approximately 

*. /c ^ f V » population are single workera. :h<« majority of the operat- 

i .£ . »r aorviel belonfS to the *hi te-collar claaa who are accuatomed 

, - ~- ! cal care. 

<; . t - r.ty j'~ jch*>ater. New York, frorr *hich come many 

!' r ;..*m r: t — .-son=-l, 1 he rit 10 ia 5.1 beds /I'JOO , and the 
., 1 . v- c' j. ' .-a * - r ij .l»ti on mi changed frj»r 1/75^ to 1/12 _)0 , 
»:thin ' * p*it y*»r. J;r ; r.« the r»'iu jf phyaiciana tc population 

- . • . . r • 

itfr A3 



turject; 



jifital c.j '.edicsl -abilities for i.k U^e 



15 ibr-iary 1 



in ;ak .'.id-e has been fixed at 1/2000, i»q^ j3S ; f th-; difficulty of 
obtaining rhysi ciana . it ia imperative that th- proposed beds t 
•jlati jn rsv.o b^ maintained at a hijh 1*»«1. 

5. .vfter studyin j the advice of consultants ar. j surveying the 
local situation, it ia recommended that hos ?tal facilities, in-lud 
in^ .jt-pati»nt STVi-re, be based cn th-; ratio jf I crds /1Q00, or 
25 j b»v:s". 

6. . t .6 r»c jmrended that th^se facilities be c instructed 
immediately s - that the entire hospital ;n;t ia available for use 



by 1 July, 1944. 




STAFFORD L. itfiZ-M 
Colonel, .' edical Corps 
Jhiaf of tadioal Section 
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Subjeoti 
To i 



Medical Facilities, Manhattan District 



The Commanding: General, Army Serrioe Forces, 
Washington, D. C* 4 




1. Due to the unique occupational haiards which' 
countered in the operation of the project* unaer the oontrol of the 
Manhattan Distriot of the Corpa of tnginaere, it haa been neoessary 
to proTide on-site hospital and medical facilities for the personnel 
employed thereon and tuoh of their families as are required to lire 
on the projects. It haa alao been found necessary to contract with 
certain institutions for the furnishing of medical facilities and 
especially qualified personnel. 



2* At one project, hospital facilities are n caring ooapletion. 
The medical staff, presided by the contractor in charge of a part of 
the medical research pertaining to the project, has necessarily come 
into possession of considerable secret information. For this reason 
and primarily in order to insure the retention '~n the project of their 
outstanding professional qualifications, and to inaure continuity of 
research and medical treatment, it nas been determined to be essential 
that a certain portion of this medical staff be in the military sstab- 
llshment. 



S. It is therefore re commended i 

a. That A the medioal personnel be commissioned in the 
Medical Department, and that a procurement objective and al- 
lotment of personnel be made available to the Surgeon General 
for that specific purpose in the numbers and grades imilcated 
on the lnclosure, and that the District Engineer, Manhattan 
District, be author 1 ted to correspond directly with the Sug- 
geon General in order to expedite the militarisation of this 
medical staff. 



b. That the Surgeon General be asked to give the fullest 
consideration to recoaueadations of the District Engineer as to 
the grades in which the members of tn*t staff are to be appointaa. 



(. 



Subjeoti Modi o*l Faoilitiee, Manhattan Dlstriot 



21 Sept. 43 



and to request* for any necessary waivers of physioal disa- 
bilities of those persons, provided that auoh disabilities 
will not prevent them from performing tbeir assigned oon- 
templated duties. 

o. That existing Medical Department personnel and 
materiel procurement faoilities be made available to the 
Manhattan District, where it is advantageous to the Government. 

d. That those persons named in paragraph 2, A3 40-606, 
and stationed at those Manhattan District projects at whloh 
there are located aedioal facilities, be authorised to receive 
medical care at those facilities, and the expenses incurred 
thereby be reimbursed to the Manhattan District by the Surgeon 
Oeneral froa funds available to him, the maimer of reimburse- 
■eat to be mutually agreed upon between the Surgeon General 
and the District Engineer. 

e. That, for security reasons, a liaison offloer be 
appointed by the Surgeon General «ith station at the Office 
of the Surgeon General, with full authority uad freedom of 
aotion to approve, in the name of the Surgeon General, 
requisitions accomplished by the District Lnrineer, Manhattan 
District, for suoh Medical Department personnel and materiel 
a* are necessary, and to expedite the filling of suoh requisi- 
tions. This offioer will be provided by the Manhattan District 
with the lnfaraation (for his personal use} neoessary for him 
to act intelligently. 

f . That the District Lnf user and the medical officers 
umder~~hla control be not required to submit to the Surgeon 
General or hi* representatives any reports which in the opinion 
of the District engineer will reveal the nature, scope, or 
military importance of the work being performed by the Manhattan 
District. 

g. That the Medical Department pereonael assigned, attache* 
or allotted to the Manhattan District be not transferred to or 
from the control of the District Engineer without his prior ap- 
proval. Tale measure is necessary in order to control the 
security of classified information and la order to insure that 
the especially selected aedioal pereonmel will be retained on 
their presently assigned tasks. 

For the Chief of Engineer* t 




L. 8. GROVES 
Brigadier Oeneral, C„B. 
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Organisation Chart 




B?-LAt.S OF THE OAX RIDGE MORTAL 



PREAMBLE 

Recognising that the best Interest* of $he, patient are protected by 
concerted effort! the physicians practicing in the Oak Hidge Hospital here- 
by organise thenselves in conformity nitfa the by-lav/s, ruleo, and regulations 
hereinafter stated* 

For the purpose of these by-laws the nord medical staff shall be inter- 
preted to include all physioians who are privileged to attend patients in 
the Oak Ridge Hospital* 

rjienever the tern governing board appears, it shall be interpreted to 
refer to the controlling group* 

ARTICLE I* HAMS 

The name of this organisation shall be the "I/edicol Staff of Oak 
Ridge Hospital. " 

AU'flCLK II. PUHPOSE 

The purpose of the organisation shall box 

1« To insure that all patients admitted to the hospital or treated 
in the out-patient department receive the best x>u3ible euro, 

2* To provide a means whereby problems of a medico-administrative 
nature may be discussed by the nodical staff with the governing board and 
the administration* 

3* To initiate and maintain self-government. 

£• To provide education and to maintain educational standards* 

ARTICLE III* JfflaSKRSHIP 

Section 1* Qualifications 

The applicant for raembership on the radical stuff shell be a graduate 
of on approved medical school! le; rally licensed to practice in the state of 
i'ennessee, qualified for membership in the local medical sooiety, and prac- 
ticing the community or within reasonable distance of the hospital. 

Section 2* Ethics und Ethical Relationships 

The code of ethics as adopted by the >jterican iiedical Association and 
the "Principles of Financial Relations in the Professional Care of the 
Patient* of the American College of Surjcons shall govern Ihe professional 
conduct of the members of the medical stuff* Specifically, all members of 
the medical staff shall pledge themselves that t.hoy will not receive from 
or pay to anr;thor physician, either directly or indirectly, any part of a 
fee received for professional services. On the contrary it ahull be agreed 
that all foes shall be collected end retained by the individual physician in 
accordance with the value of services rondered. 



Section 3. Application for .'^Mbershlp 



Application* for oemberahip on tho nodical staff ahsll be prcaontod in 
writing on tho prescribed form, which ahull otate the qualifications and 
roferoncoa of tho applicant, end shall also signify his agreement to ubiCe 
by the by-laus, rules, and regulations of the i>iodicul staff. 

Section 4-a Torus of Appointment 

a« Appointments to the modical staff shall be siade by the governing 
board of tho hospital and shell be for tho period of ono calendar year* 
At the end of tho your ti':G governing board of the hospital r.a.7 reappoint 
all members of the rjedioal staff for a further period of one year, pro- 
vided the nodical staff has not reconsnended that any specific uppointnent 
shall not be renewed. In such case all othor reapuolntnents nuy be uade. 

b. Should the governing board viah to take the initiative In re- 
fusing to r-ako reappointment of any nomber, it shall so advise* the ceciical 
staff, stating reasons 2nd asking for reoonmendatlons as to furthor action* 

c. In no case shall the governing board take action on on application, 
refuse to renetr an appointing nt, or cancel on appointment previously node 
nithout conference irith the net icul staff, but ropirdlosa of the reconrnenda- 
tions of the radio til stuff, final rcsrjonsibilifcy Tor appointment or cancel- 
lation of on appointment r.uat rest v/ith tho governing ixjurd . 

d. h'p ointment to tho nodical 3taff shell confor on the apjiointee 
only such privileges as may be hereinafter provided. 

Section 5. i'rocedure for Appointment 

a. The application for mer.bership on tho nodical staff shell be 
presonted to the director of tho hospital and by air. referred to the 
secretary of tho njecicel stuff. 

b. At tho first regular meeting thereafter, tho nocrfitary shall 
present the application to ivho nodical staff, at which ti-W it -shall be 
either reconB-Tendec for rojection or referred to the credentials commit toe. 

c. The credentials coricittoo shall investigate the character, quali- 
fications, and standing of the applicant are: shall subiait a roj.ort of find- 
ings at the noxt regular Meeting of the .jocJiccl staff, or as soon there- 
after as possible, rccoi\ ending that the application be accepted, deferred, 
or rejected. In no case shall this report be delayed for oro timn turoe 
Months. 

d. s/hon determining qualifications, the credentials conE.it too shall 
also assign privileges k3 provided in Article VI, Sections 1 and 2 of those 
by-lans. 

e. On receipt of the re;*>rt of ti.a credentials co^rcittee, tho 
modical staff shall ii-rsedia fcoly recoi-jiend to Uio fjovcrnint; board that L-;e 
application be accented, deferred, or rejected. 

f. Tho recommendation of toe redical stuff arall be transudtted to the 
governing board through the director "f the hospital. 



£• The governing board 3lmll either accept tho roco' mentation of the 
acedical staff or shall refer it back for further consideration. In tho 
latter case the governing board shall instruct its secretary to state to 
the tvdical staff t!»e reasons for such action. 

h. Vthen final action has boon taken by the governing board, tho 
director of the hospital shall bo authorized to transmit this decision to 
the candidate for seobcTship, and if he is accepted to secure hie signature 
to these by-laws, rules, and regulations. Such signature shall constitute 
his agreeaont to be governed by the said by-laws, rules, and regulations. 

Section 6. jusergeney and Temporary privileges 

a. In case of emergency the physician attending the patient shall be 
expected to do all in his power to save tho life of the ns tie tit, including 
the calling of such consultation as ay be quickly available. For the 
purpose of this section, an enorgeney is defined as a condition in vhioh the 
life of the patient is in immediate danger anc in which any dolay in ad- 
ministering treatment would odd to that danger. 

b. The director of tho hospital yhall have the authority to £ront 
temporary privileges to a physician './ho is a rseaoer of the local medical 
society and desires to attend an occasional patient in the :o3pital but 
v/ho is not a ireuber of the nodical staff. Such temporary privileges shall 
be granted after conference with the chief of staff or the nedical director 
to determine an authoritative ojjinion as to the competence and ethical 
standing of the physician who desires such temporary privileges, and in 
the exorcise of such privileges he shall be under direct supervision of the 
chief of staff. Temporary privileges raay not be granted to attend rcore 
than four patients in any one yoar, after which tho physician to whom the 
temporary privileges have been granted shall bo required to cecoico a rercber 
of the medical staff bofaro bein,'j allowed to attend additional patients. 



ARTICLE IV. DIVISION CP T.£ : j£DiC*X oiW 

Section 1. The ucdiccl Staff 

The medical staff shall be divided into .onorary, consulting, active, 
associate, and courtesy groups. 

koction 2. The lionorary i cdical itaff 

Tho honorary radical stiff 3Nall consist of physici.ns r/ho are not 
active in the hospital und v/ho are ;.onorec- by eccrituo ;»uitionc. These 
may be physicians v/ho havo retired from active f'os};it;;l service or phy- 
sicians who are of outstanding reputation, not necessarily rcsidont in tho 
community. 

Tho honorary nedical staff shall bo appointed by the governing Ijoard on 
r ccoranor ditior. of the active vntilcul stuff and squill Luve no us signed duties 
or responsibilities* Tiieir privileges shall bo cctaninod by the cre- 
dentials cotnuitteo us provided in ^irticlc VI of ihese b/- law's. 



Section 3* The Consulting Medical Staff 



a. The consulting medical stcff shall consist of recognized special- 
ists aho are active in the hospital or who have signified '.rillingness to 
accept such appointment. These nay be bellows of the American Colic. -o of 
Surgeons or tho .jiericon College of Physicians, diplomaton of one of "tho 
national boards of nodical specialties, member 3 of the national society 
representing the specialty, or others whom the credentials committee cay 
consider to be worthy of being appointed as jxsnberg of the consulting 
medical staff. Lcmbcrshlp on the consulting medical staff shall not render 
the member ineligible for raombershin on tho active medicr.l staff. 

b* Appointnent shall be made by the governing board on reco37.rondc.tion 
of the active medical staff* Credentials shall not be required far such 
appointments and the proposod member nay be invited to accept a-pcintnent. 

c. The duties of the members of the consvlting radical staff shall 
be to give their services without charge in tiio care of froe patients on 
request of any meisber of the active nodical staff, and also in any case in 
which consultation is required by the rulos of the hospital* 

d« In so far as their specialty is concerned, cenbars of tho con- 
sulting medical staff shall have unrestricted privileges, but in cases not 
falling v.'ithin their specialty they shall Wave such prlvilogoa u3 nay be 
determined by tho credentials cont. ittoe as provided in Article VI of these 
by-law3 . 

Section U. The ..ctive Iodic al Staff 

a* The active nedical staff shall consist of physicians :?ho have beon 
selected to attend free patients in the hospital and to uhon nil such patients 
shall be assigned, Members of the active nedical staff shall not be re- 
quired to be exclusive specialists, but it is to be expected that they will 
be irell-skilled in the ptrticulur branch of re di cine to which they ore as- 
signed, and that the major part cf their private -ractice ?rill fell within 
that specialty. 

b. Appointments shall bo made annually by the governing board on recom- 
mendation of the active lodicel staff from tho former :ujirtbcra of the active 
medical staff, and, in so far as it is poasiblo, vacancies shall be filled 
by promotion of members of che associate isodical r.taff who have signified a 
desire to become raore active in the '.ork of the ho3p.ltul. 

c. Tho duties of the active i-ct'lcal staff 3Call bo to attond all free 
patients and, in so far as free v?ork is concerned, they shall attond only 
such patients as are acquitted to their services. All buni.icjs of tho medi- 
cal staff shall bo transacted by che active <ocic;?l stuff s:*i only moicbers 
of the active medical staff shall be eligible to vote and hold offico. 

d. In so far as free coses ore concerned, members of the active medical 
staff shall treat patients in both the in-patient and out- patient depart- 
ments as 03 signed to the service and in the treati»«nt of t-ieao they shall 
have unrestricted privileges and shall treat the patient to a conclusion, 
whether such treatment is ijiv 8 n in tho in- or the out-patient department 

or both. In so far as privato patients are concerned, they shall have un- 
restricted privilege a in the troatnent of patients falling •rithin the 



specialty to which they are ap ointed, but in the others they shall havo 
only such privileges as may be determined by the credentials cow it tee in 
conformity with Article VI of the' jo by-laws. 

Section 5. The Associate Lfidict-1 Staff 

a« The associate radical staff shall consist of junior and loss ex- 
perienced members or of physicians xiho have not been actively interested in 
the work of the hospital but have but have oxpressed a wish to become active 
as vacancies occur* 

b. They shall be appointed and assigned to services in the same nan nor 
as provided for the active medical 3taff and etch a hall be associated as 
junior with a rasnbor of the active radical staff. 

o. The duties of the members of the associate radical staff shall be 
to attend free patients in accordance nith assignment by the senior vdth whom, 
they are sssociuted* They may be required also to act on all commit toes ex- 
cept the executive committee and the crednnticls cor.r. ittee, 

d. In so far as free cases are concerned, the .nor-bers of t>>e associate 
medical staff shall be limited to tne treatment of cases falling t/ithin the 
service to nhicli thoy arc anointed ::nd in accordance vjith assignment by the 
member of the active medical .staff with v/hon they aro associated. In no far 
as private patients are concerned, thoy .shall nave such privileges ss pro- 
vided by the credentials comri. iitce in Article VI of these by-laws. 

Section 6, The Courtesy -\ecical Staff 

The courtesy medical staff shull consist of those members of the medical 
profession, eligible as heroin provided for ;>.edlcul staff membership, who 
wish to attend private patients in tho hospital, but who do not .7ish to be- 
come members of the active nodical staff or rcho, by reason of residence, are 
not eligible for such appointment. They shall be appointed in the same 
manner as other uembors of the pedict.1 staff and thoy shall have such privi- 
leges as may be determined by tho credentials coranittee In conformity with 
Article VI of the3e by-lawa, but they shall not be ali(-ible to vote or hold 
office 

aH'i'ICLE V. CLIHICAL DEPAiClrJLfJTS 

Section 1, Services 

Divisions or services of the iiedical staff shall be us follows: iledicine 
to include cardiology, conmuni cable discasos, derna tolo;-y and syphilolo^y, 
diseases of the lunts, ciscasos of i>?etabolisu, endocrinology, gastrointea- 
tinal diseases, neuropsychiatry, pediatrics; our^ery to include malignant 
tumor surgery, neurological surgery, orthopedics, plastic surgery, proctology, 
thoracic surgory, traumatic surgery, urology; and other services related to 
the specialties of radiology; pathology; anest >csiu. 

Section 2. Socialization 

VrMle the nembers of the active unc associate services shall not bo re- 
quired to be exclusive specialists, it is to be oxpectod tr<at they will be 
well skilled in the specialty to which they tro nsr-irned and that not leuu 
than fifty per cent of tlioir private work in the hospital shall be in thnt 



- s - 



specialty. The chief of each service shall be a recognized specialist. 

Section 3. Assignment to Services 

assignment to the service shall be nrnde at the first nocting of the 
active medical staff after its metibers have been appointed by the govem- 
ing board, and members so assigned shall rercain on service for one yoar or 
until a successor has been appointed. Appolntaents shell be r&de after a 
careful analysis of the efficiency of the candidate as shown by a record of 
his work in the hospital* 

Section U» Organization of Services 

a. i>t the annual meeting there shall be elected e. chief of the medical 
staff who shall be a member of the active medical staff. He shall be res- 
ponsible for the functioning of the olinical organization of Che hospital and 
shall keep or cause to be kept a careful supervision over the clinical work 
in all divisions und sarvxOeu. HO -ujr, if aejiivd, also be elected as presi- 
dent of the medical staff* 

b. Each service shall be orgonizaed as a division of the radical staff 
and shall have as its head a chief of service, who shall be responsible to 
the chief of the aedicsl staff for the functioning of is service und 3 hall 
have general supervision over the clinical work falling within his service 
whether it be free or private* 

c. Immediately after appointment, the members of the active medical 
staff in each service shall meet and each shall lesignate the member or 
members of the associate nodical staff whom they v/ish to have as their assis- 
tants* 

d. The members of each service division shall i-oet during the first t,/o 
weeks after they are appointed for the purposes of electing a chief of ser- 
vice and a secretary, and of perfecting such organization and arranging such 
a schedule of duties for their term of office as may seem advisable to pro- 
mote the best interests of the patients. 

e. In the medical and surgical services there shall be elected also an 
assistant chief for each servioe who shall perform such duties as ray be as- 
signed by the chief of service. The members of tho services shall be res- 
ponsible to the chiefs of services and through them to the chief of the 
medical staff. 

f. Each service irjiy nset separately, but sucli meetings shall not release 
the members from thoir obli,~ation to attend the general meetings of ihe inedi- 
call staff. 

g. In so far as free cases are concerned, •\enbers of the active medical 
staff shall treat patients in both the in-and out-patient deportments as 
assigned to the service and in the treatment of these, they shall '.eve un- 
restricted privileges end shall treat the patient to a conclusion, whether 
such treatment is given in tho in-or out-patient department or both. In so 
far as private patients are concerned they shall have unrestricted privileges 
in the treutaent of patients falling within tho specialty to rhich they are 
appointed, but in ethers they s,hall have only such i.rivilegea as c^ty bo pro- 
vided by the credentials committee in Article VI. 



ARTICLE VI. DEnainlriAriON OF 
QUALIFICATIONS AND PRIVILEGES 



Section 1. Classification of Privileges 

Privileges extended to physicians who have been appointed to the :iedi- 
cal staff shall be divided into major, interawdiuto, and minor, end sliall bo 
determined by the orcdentials coaciittcs. The following shall serve es a 
guide in differentiating tho three types of privileges* 

a« iiajor ja-ivilogeg in any service trill allow the physician to treat 
patients when, for any cause, such treatment involves a serious hazard to 
the life of the patient. 

b. Intermediate virivi leges in any service vilJ allow the physician 
to treat patients when, for any c&uso, cuch troatnont does not involve 
a serious hazard to the life of the patient but dons involve a danger of 
disability. 

o. i&nor privilegos in any service Till allow the physician to treat 
patients when, for any caU3G, tho treatment does not involve either a sorious 
hazard to the life of the patiunt or a danger of disability. 

Section 2. Navrly Appointed iedical Staff Members 

All members of the staff 7/hen newly anointed shall be granted only 
minor privileges until such time as the credentials coEidttec ray deter- 
mine what further privileges tiuy be granted *;ith safety to tho patient, such 
extension of privileges being based, us far as possible, on records of per- 
formance as provided in Sections 3 and 4 of this article. The coma it tea nay 
grant major privileges to a newly appointed member * (Axiendnent fcay 6} 1946) 

. Section 3* Direct Observation 

Every member of the consulting or active radical ataff, at the con- 
clusion of any case in r/hich he has been associated with a menbor of the 
associate or courtesy raoclioal 3taff , shall transuit to the medical records 
librarian a memorandum stating whether, from his observation of corpetonco 
in so far as the particular case is concerned, tho member of the associate 
or courtesy medical staff may be grunted furtlior privilege aa specified in 
Sec ion 1 of this article* Such expression of opinion shall be Jcopt us 
absolutely confidential by the medical records librarian and ahull be ac- 
cessible only to the credentials conaittte when Ecklng rocomoendutions for 
promotion, appointment to service, or granting of increased privileges. 

Section I,, Hoconmendations for Promotion or 
Appointnont to Services 

i2hen coking rccomendutions for promotion, ar ointment to services, or 
tho granting of privileges, the credentials committee shall base its judg- 
ment on the concensus as determined under Section U of this article, to* 
gother with the opinion of the chief of service concerned, on the record of 
performance as providod In Section 3 of this article, end on tho further 
qualifications of the ne ruber of the staff as sham in his filed credentials* 



ARTICLE VII. OFFICiffiJ AKD C0i L :T£TZES 



Section 1. Officers 

The officers of the nodical staff shall be the president, the vice 
president, and the secretary. Those shall be elected at the annual meet- 
ing of the medical staff, and shall hold office until the next annual 
meeting or until a successor is elected. 

The President shall call and preside at all coatings and he shall be 
a monber EX OFFICIO of all coirdttees. Ke may if it is so desired, also 
be elected as chief of the cedical staff. 

The Vioe President In the absence of the president shall assume all his 
duties and have all his authority* Ke shall also be expected to perform such 
duties of supervision as may be assigned to hin by the president* 

The Secretary shall keep accurate and complete rdnutes of dl <»ecti:u7«, 
nail, reetin^s on nHw of the president, attend to all correspondence, and 
perform such other duties as ordinarily pertain to his office. If there are 
funds to be accounted for, he shall also act as treasurer. 

Section 2* Corel ttees 

Connittoos shell be standing and special. All cownittees other than 
the executive shall be unpointed by the president* 

The Executive Cora.- ittco shall consist of the president and secretary 
of the medical staff and of tlireo other numbers of the uctive medical staff 
to be elected at the time of the annual reetin^;. The duties of the execu- 
tive comroittee shall be to consider carefully and act on all matters which are 
not of a clinical nature and it Lt to be expected that all such buuinoss of 
tho nodical staff shall he transacted by tne executive coizni^tce in order that 
the time of the regular nestings of the ucdical 3 tuff may be devoted to rmt*ers 
pertaining to tine professional care of patients. The executive corar.it too 
shall present, ut euch mooting of tho laedictl staff, a report of sny action 
that it toy /iuvo taken airco the lust meeting* Trie executive coiaittcc s'toll 
act as a liaison group between the nodicel staff and the administration of tau 
hospital* At tho discretion of the president of tho stuff, the executive cora- 
Q-xi t Loo Trill function as tho credentinl3 caMidttee* (Amend.~ent i ay 6, 1946) 

The -edlcal Records Co^nittoc ahull consist of t'troo nenbers oT tho 
medical staff and shall ii.ee t .veolely for the .ur- oae of reviewing tho .'.-.edical 
records of all patients disclKirfjKd curing -..he n^sk. The co .j.iitteo shall re- 
port to liio isecical staff the nanus of any uenbers xiho are pcrr.istently de- 
linquent in the completion of their records* This coirxii.t^c shall be held 
responsible for notifying tho program courlttoe of any ccscs that should be 
prosonted before the medical staff* 

Tho IVogran Coxmitteo shall consist of t£roo rscrrbors of the radical 
staff and shall be responsible for the preparation and jirc3Gr tatlon of tho 
programs of all nootin^a. 

Tho Credentials Corclttco shall consist of aoven meubers of the con- 
sulting or active staff, so solcctcd as to insure representation of the 



of the major specialties. Its duties shall be to invcsticvcte the ere* 
dentials of all applicants for (.ciabcrship una to j:;;I:g rcco;T.ondations in 
conformity with Article III, Section 5c, of these by-laws, to investigate 
any breach of ethics that &ay bo reported; to revien any records that nay 
be referred by the rccdical director and to arrive at a decision m.-jtrding 
the per for nan ce of the staff member, or to rofor tho cuso to the full ac- 
tive nodical staff if this is considered desirable; to reviow all infor- 
mation available regarding the conpotence of staff renters and as a result 
of such revions to moke recommendations for the granting of privileges and 
the appointment of nenbars to the various services end departments as pro- 
vided in Articlo VI of Vie 30 by-lutfs. 

Tho Intern Commit toe shall consist of throo rubers of thu ;:odical 
staff. Its duties shall be to act as an advisory coracittee in the scloc- 
tion of interns, to outline courses of instruction for the resident nodical 
staff and to see that thoy are carried out, and to assist the adninis tret ion 
in matters of governnent and discipline of the residont radical staff. Tho 
Therapeutic and Pharmacy Cocnittec shall consist of 5 inonbors. Its duties 
shall be to decide u-von dru/ a and preparations to bo stocked by the phsr- 
naeyf and to report to the medical .staff on tie* drugs. (Azendrxnt i uy 6, 1946) 

Special conrittccs shall be appointed fror, tine to tiio jis may be re- 
quired to carry out properly tho nutioa of the xcdicol staff • Such con*- 
cdttcos s/iall confino their r/urk to the purposes for which thoy were ap- 
pointed and shall report to the full i.xxiieol staff, i'hey shall not have 
pOTer of action unless such is specifically granted by Lho potior, which 
created the conndtteo. 

jJITICLE VIII. UgTiaCS 

Section i. Tho Annual -eciing 

The annual Denting of the nodical staff shall be the last inucting 
before the end of the fiscal year of t/i« ospital. At tfis meeting tho 
retiring officers and cocj-dttees shall make such reports as r.ay be de- 
sirable, officors for tho ensuing year shall be elected, t-r£ rcco.iircr.da- 
tions for appointr.ont to the active -iedical staff *-:h&ll be redo. 

Section 2. Regular Meetings 

Regular routings of the icdicrJ. 3taff ahull be hold at least monthly 
at a timo ana place to be provided ir. trie rules and regulations for the 
government of tho medical staff. 

Section 3. Special :.e=tin^s 

Special Destines of the naeical nis£C nay be called at any tire by 
the president and shall be called »t the re^nxst cf tic governing board, 
tho executive comitteo, or itny five uenbrrs of the active ucdical staff, 
at any special rooting no business 3htll be transacted except that stated 
in tho notice calling thu meeting. .Sufficient notice of any looting shall 
be posted on the bulletin board in the 3 toff roor at least A'6 hours beforo 
the time set for the >r.eotinc 



becticn 4* Attendance tit Lectings 

a* rwabera of the active nodical staff ahull be required to attond 

all i:sotinga. .ibaence from three consecutive Meetings or frora one- third of 
the regular r.o* tin^s for the year, without acceptable excuse, shall be con- 
sidered as resignation from the active licdical staff, ant shall automati- 
cally place tise absentee on the associate or courtesy nccdeal staff of t.-,o 
hospital* 

b. All Members of the associate medical staff shall be exrwctal to 
attend meetings v?ith tho some ro; ularity as nor.bera of tho active radical 
staff, Absence frors three consecutive .-.-.eatings or fror. ono- third of tho 
meetings for the ./ear, without nccontable excuse, shall he considered as 
resignation from the associate nodical stuff and 3hall automatically place 
the absentee on tho courtesy necical staff. 

c. Rcin3tutencnt of r.ezbcrs of tnc active and associate r-.cdical staffs 
to positions rendered vacant because of absence fron Footings - ay be n'ade on 
application, the procedure bting the 3 are oa in tho case of original appoint- 
ment* 

d* f.«siber3 of the honorary, consulting, end courtesy divisions of the 
medical attff shall not be requirod to attend nootings, but it is expected 
that they v/ill attond and participate in the so nec tings unless thoy are 
unavoidably prevented from doinpj so. 

e. Any Berber of any division of the staff v:ho has attended a case 
that is to bo 7>rcscnted for discussion at any .i;eetin£ shall be notifed :-nd 
shall be required to be present, railure to ette nd on receipt of such notice 
shall involve the penalty, in uhe case of a .versocr of the cc.njulling nr 
active nodical staff, of reverting to tho associate medical strff and, in 
the case of a rceiibcr of the courtesy nodical 3taff, of forfeiting ;.is judical 
steff membership* 

f. Should a E»P".bor of the staff bo absent front :ir.y n»eotin£ at rhich 
a case that ho has attended is to be cincusr.cd, it .•lijall novortholc.-.a bo 
discussed unle33 tho nerflbr.r is unavoidably absent raid o%r. iv-quostt fl that 
discussion be postponed. In no case 3hall postponement be granted for a 
period longer than chat which *7ill oiavso until the next ro ul&r staff 
meeting. 

Section 5. ' uorur? 

Fifty per cent of the total iao.sborahip of the active :-.ec'ic<-.l ;tsff 
shall constitute a quorum. 

Section 6, .^crida 

The i^wnda r.t --ny re2ul.ur Kc-tinf! .^hall be» 
A. Business 

1. Call to orddr. 

2. ' heading of uhc :_• ! . r ]i:t<.*3 of the lvst rc.r.'ulc.r and of all 

special "loeoings, 

3. l.r.f i nished business. 
U . Uo:*".unicaticna . 

5. Keports of standing and of special buaineu3 coritteos. 

6. mv. business. 
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3. k'odical 

7. Review of ; >aticnts in the aospiti.l with special reference to 
diagnoses, treatment, and delayed rcco\»cryj selected cuac3 dis- 
charged since the last confiircr.ee with special consideration 

of selected dnaths, unimproved cases, infections, cor-pllo.-.titir.-:, 
errors in diagnooos, and results of treatment; and analysis U' 
clinical reports from the various dopartcents, 

8. lie ports of standing and of special j..ccical comsiittecs. 

9. Discussion and rocoMrjendationc for improve vent of the pro- 
fessional work of the hospital* 

10. Adjournment, 

The agenda at special rao tings 3hall be: 

1. .-ie.-iiiing of the notice calling the ir.ee tin?.;, 

2, lii3Cuasion of tjic busi:ir.33 for which tue noetir.;; was called. 
3* Adjournment* 

AHTICLE IX. ra.'LSi RisCULATICHS 

The medical staff shall adept such rules and regulations ;ia ray be 
necessary for the proper cosiduct of its work. Such rules a.*2d regulations! 
shall be-; a part of these by-laws, except that they r.ay be: arcsndod at any 
regular r.iccting without ;:rovieu3 notice by a tv;o- thirds vote of the total 
ncnbors.'iip of the active nedical staff, Such xicnduonts shall bccor.no ef- 
fective •..•hen approved by the governing board. 

^ilTICLB X. A;3iI3):.aiWT3 

These by-laws :iay be amended after notice given at •my rogular nee? ting of 
the medical staff. Such notice shall be referred to a special committee 
which 3hall report at tne next regular acting ana ahull require a two- 
thirds 'majority of those present for adoption, i. -.ondrrcnts so -s.de ni.vll bo 
effective when approved by the governing board. 

/.HTICLE XI. .JJCPflCa 

These by-lar/s together with tho appended rules and regulations shall 
be adopted at any regular meeting of t >e active nodical staff, ah/til re- 
place any provious by-laws, rule;;, end regulations, raid shall becomo ef- 
fective -'hen unproved by the governing herd of t'ie .:o«pit';.l. They .shall, 
tfhon adopted rjiC ap roved, be; squally binding on tne governing 'coard and 
the nodical staff, 

Adopted by tho active rncrieal staff of Cal; Ii: : .d.~e Hospital 



President of . .edical Str.ff 



oecrcriai'y of :.oc;ier.l tiui-iff 

Uato 

Approved by the ijovcrnin^ bo ;rd of ihe OJ: .iidgu \ on ital. 



Secretary of the Governing *Jc J"d 

Date , , 
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RULri AND HGGULATIC.2J 



1. The monthly .setting of the redical staff 3nall bo bold the first 
Londay of each month at 7*00 ?.)*, 

2. Except in emergency, no patient shall be odjtdlted to the hospit. 1 
until after a provisional dij;sno3is i;as been stated and tho consent of the 
director secured* In cose of amer^ency the provisional dirgnosia shall be 
stcted .-.a soon after ndrcission ti3 possible. 

3. Physicians adrJtting private p.-'.tionts Khali bo held responsible 
for giving such inforns.tion as ray be necessary to assure the protection of 
othor patients fron those '.vho r.re a uourco of dr-.n<;ur fron any cause wKst- 
ever. 

U* All free atienta ahull bo attended by neivbera of the aptivc 
medical staff, and shall be asoifjnod to the ucrvico concerned in the trout- 
cunt of the disease v/hich necessitated admission. Tho rem rer3 of the active 
medical 3taff must assign a reasonable of casca to the juniors jho :J-e ssno- 
ciated v/ith thcia r.nri tho member of the associate nodical ataff to ahom the 
caoo is assigned shall carry 0 n tho treatment under supervision of tho aoiiior. 
Ko physician shall receive coapensction for attendance in the c-.so of any 
patient who is admitted free by the ' capital, but in the caoe of patients 
from v/hora the hospital is receiving partial compensation the attending phy- 
sician may charge a fee proportionate to that received by the honpital. 
Fay patients shall be attended by their own private physicians. In the 
cc3e of a pay patient applying for admission who has no attorning phy- 
sician, he ahall be a3sicned to the rubers of the activo ,-rodical staff on 
duty in the service to which tho illness of the patient iw.3icF.tc3 assign- 
ment* 

5. Laboratories shall be provided in tho hospital so that all types 
of laboratory examinations may bo done. 

6. Standing orders ;hall bo formulated by conference between che 
nodical staff and the director. They may be ehanfed o jIy by the director 
efter conference with the radical 3taff . These orders ahull bo followed 
in so far as proper treatment of the patient will allow, and -..hen specific 
orders are not written by the attending physician uhey shell couati-uto 
the orders for trtttnent. Standing orders ahull not, houovcr, replace or 
cancel tho;jo V7ritter. for the specific r.aticnt. 

7. ivll orders for treatment Siiull be in .vriMnf, Verbal orders shall 
not be accented or carried out. An orccr s'lall be considered to be in 
..riting if dictated to a senior nurse or oth«r authorised person and signed 
by the attending physician. Orders dictated over !ih& telephone s.'.all bo 
signed by tho person to whom dictated \Jith the nane of the phyaiciun per 
his or her own nar.c . .it l:is ne.ct vioit the attending physician ahull r.i-?n 
such ordors, and neglect to do so shall bo cor.sidcrod as uc!.r>OY?lccJ. ;:iont uf 
their corroctnoss. 

ti. as far as ;os3ible the ur.e of pronriotary re.iotiios s!-:.ll be avoiricci. 
'•hen 3uch are ordered fcr private ,-»j?.ti«-ts by the a « i-endin^ 1 physician, they 
fill bo secured and a apnea nl charge . ■■:6>i to the ratient. 
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9. The attonding physician shall be held responsible for the prepa- 
ration of a complete medical record for each patio "it. Thi3 record shall 
include identification date; complaint; pcraonal history; family history; 
history of prosent illa-'ss; physical examination; apodal reports sucli es 
consultations, clinical laboratory, X-ray, and others; provisional diaf> 
nosisj medical or surgical ireatraont; pathological findings; pro/:r<:,TO 
notes; final diagnosis ; condition on discharge; follow- up; und autopsy 
report qhen available. fto cedical record shall be filed until it is com- 
plete, except on order of the nedical records cocroittco* 

10. A complete history and yshysical o.-.uitinttion shall In all cases 
be urlttOD within-24 hours after admission to the hospital. 

11. iihen such history and physical examination arc not recorded 
be for a tho timo stated for operation, the operation shall be cancollod, 
unless the attending surgeon stctos in writing that such delay would be 
detrimental to tho patient* 

12. All records ere the property of the hospital und shall not be 
taken away without permission. In caao of rc admission of a patient all 
provious records ihall bo available for tho use of tho attending Physician. 
This shall apply whether the patient bo free or jay, and •hether 'e bo 
attended by the 3uiau rhyoician cr by another. 

13. Except in cases of enorgenoy, patients for operation shall be ad- 
mitted not later than four o'clock the day previous to o oration. 

14* *'ll operations pur f erred shall bo fully described by tho attending 
surgeon, all tissues reaoved at ojorvtion shell he s;ent to oho hospital 
pathologist who shall ;::akc such anamination as he rr-ny consider necessary 
to arrive at a pathological diagnosis. 

15. In all cases '.;hcre a patient in admitted in a condition of abor- 
tion, she or her representative shall sign a statement certifying that 
neither any employ ao of t.io i'iospit»#l nor the attending physician was 
directly or indirectly responsible for its production. 

16. Except in einerctmoy, consultation with n ncasber of tho consulting 
or of the activo .«,:odical staff shell be required in all .Tiojor canes in 
which the patient io not a sood risk ana in all ouro stages or other 
operations which nay interrupt a known, sua pec tot , or ponslulo pregnancy. 
The consultant shall rcalto and sifjn a record of his fint-insp and reccmnon- 
dations in ovcry such case. In all cases where a rule of t*ia .io!j* ; ?itnl re- 
quires consultation and in the case of free patients, the consultants shall 
£ivo ois services without ci:&r;;c. 

17. Uach roonbor of the courtesy :.todical staff, not resident in tho city, 
or iiuodiato vicinity, shall nane a cotiber of tho medical stuff who is resi- 
dent in the city, who nsty be called to attend his patients in emergency. In 
case of failure to nuno ouch associate, the director cf the hoa ital shall 
have authority to call any aci bor of fc-e sit ff should he consider it 
necessary. 

IB. Patients shull be riscl-urgcd only on v.Titton order of t">e a .tending 
physician. At the tine of disai.-irge tno attending jshy.-.ician snail 3eo that 
tho rocord is complbto, uttto his final diaf;n°9i'i» r.nd si'jn the rticord, 
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19. Jit the r.cnthly net ting of the ncdic.il staff the rcdicul records 
librarian shall submit a report of the professional v/ork of t.^e hor.pital 

for tho previous ;;.onth. This shell r.hov; ;:ationts diaci:;;r('t:d and tl.o results, 
deaths (the cause being stuted as niv^n by the attending physician), 
autopsies, consultations, and infections of all kinds. The discussion at 
tho 130 e ting shall be b.iasd on this r«port i nri at no Dec tin-: ahall abscr.-.ot 
discussion of scientific Judical subjects bo permitted, * if tor each mee tirj^; 
the secretary of the rudicul staff shall transmit to tho director of the 
hospitr.1 such reports am recoiunt/ndations as tho judical stuff ;aay .i ah to 
* make to hire or through hia zo tho tfovornin/: board, 

20, Every merber of the medical staff shall be actively interested in 
socurlng autopsies v.'-.onevcr possible, llo autopsy shall be pcrror^ad •.,'ith- 
out written consent of a rt spcnaiblo relative or friend . -vll autopsies 
sball be performed by the hospital pathologist or by physician to Jion 
he ;^ay delegate the duty. 

21 a The hospital shall adult patients suffering fro:.- all types of 
disoase, Patients May be trotted only by physicians T.'ho have submitted 
proper credentials and have boon duly npwintod to ier.berahip on the : edical 
stuff. 

22, Surgeons rust be In the opr.ratitr: rooii z.nd rudxy to cou lc-noe opera- 
tion at the tine scheduled, and in no case ,/ill the operating roor. be held 
longar than fifteen rinutca after the tire scheduled. 

Adopted at a regular .-.outing of the active isidicil stuff 



Duto 

Appxovod by the coaming board 

Date. 



President of Ladled Staff 



Secretary of Lcdical Staff 



Secretary cf the Oovcmirg tfourd 
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MAirLViTAi-i DiST.ii'CT HEiTOIil 
JOOK I - CSiffiTuiL 
VGLUiE 7 - LSjIGAL KUXLtAU 



APPZ.XIX B 

riKFETtli.'CiiS 

Description 

Protection of iiadiun Dial .iorkess and 
Radiologists Fron Injur/ by Radium. 
Robley D. Evans, Tho Journal of Ind. 
Hygiene and To:cLcolo^y. Sept. 19h3 
Volume 25, Ho. 7 p 2J>'3. 

The Toxicology of U Conpounds. 
Albert Tannonbaur. and ;i. Silvers tone. 
Lfetallurrical Project Report C:I2ljU6. 

ilev; York (Kellex) Safety Ca;t.iittec 
Bulletins . 

University of Chicago Health Reports . 



Pish Program Reports ana Charts. 



University of Rochester Progress 
and Special Reports. 

Correspondence on Procu.ro.~ont of 
Personnel. 

Contract of Oak .i±dge Health 
Association "with the Oal: rdd^e 
Hospital. 

Iv.'o .io^arta fro... Dr. j£. .;2~e to 
Col 3.L. '..arrcn -n Racia-cion ^asui'G- 
uo.'its at Tennessee Zastnp.r. Corporation, 
Dated -) February TJldi •': 17 «ay l?ol4. 



Location 

Medical Section 
Files O-UC 



jvledical Section 
Files CH21&6 



Liedical Section 
Files. 

lie die a 1 Section 
Files . 

Lie die a 1 Section 
Files . 

llcdical Section 
Files • 

Medical Section 
Files . 

iledical Section 
Files . 



judical Section 
Files . 



Manhattan District ..iBdical Officers 
rlxperience and Qualifications. 



Medical Section 
Files • 




BOOK I - HIT-HAL 
VOLULiE 7 - i.iii~IJAL PHOG.-jCj 
APP^jJX C - PHOTOGRAPHS 



1. Counter instrument for neasurin^ alpha radiation. 

2. Electrostatic type of aloe trotter for ;.;«asurins radiation. 

3. Vacuum tube typo of electrometer for r/ieasuriaj radiation 
(Rochester Ion LJeter) 

h* Pil'.i badee. 

3. Pencil charabsrs. 

6. Special finder-ring. 

7. Singer print impressions. 

G. electrostatic precipitator for .-.-.sasurin;; dust in the air. 

9. Chrysler pimp for measuring concentration of fluorine and 
hydrofluoric acid in air. 

10. Standard Chenical VJarfare kit. 

11. Halide lanp. 

12. Organization Charts - Kanhattar. district ".iedical Section » 

a. 1 Liay 19h3 to 31 October 19h3 

b. 1 November 19h3 to 30 i:ril .jlik 

c. 1 '.lay 19hh to 31 October I9hh 

d. 1 ifovoabor 1?Uj to 30 April ~±9k5 

e. 1 llay 191& to 31 Jul;- 13-3 

f. Chart dated 31 July 1S46 

13 • Jls^nsary - Carbidu „• Carbon I-.-.rticals Corporation, 
Oak .iid^e, Tennessee. 

liu Dispensary and First Aid iatati ?crcleve Corporation, 
Oak llid^e, Tennessee. 

1^. Dispensary - Tennessee Easfariar. Jcrporation, Oak Ridge, Tennessee. 



16. Kadlec Hospital - liichlandj ./ashin^ton. 

17 • Itoane-Anders on Liauical Service Building, Oak iiidge, 'ifenncsaee. 
13. Oak llidge Hospital 

a. Front entrance 

b. Hear 

19. Oak Ridge Dental He alto Cantor. 

20. Oak Ridge Department of Health Buildings. 

21. Hospital and first-aid units at Ilanford Sn^ineer Y/orks 

a. Hospital Unit Ho. 1 

b. Hospital Unit Ho. 2 

c. First medical building and first and second first-aid 
buildings, ->mford, ''.«*sshiiv;ton 

d. Third first-aid buildinr; at Hanf ord and first-aid 
station at 1 Richland, ".lashin^ton. • 

22. Chart saordn^- relation of Jistrict rosaarch division to civilian 
research agencies. 

23. Automatic recordi:i- and alarm 37s tor. for iionitorin;;, ilanford 
Iii w ineer V«orks. 



A COUKTIiR TYPE INSTRUMENT FOR INSURING ALPHA R->DIAT1CN 



C2 - Ail ELECTB03T.T1C TYPE CT EI£CTItOH£TZR FOR JaE^URIHG RADIATION 



a VACUUM TUBS TYFfi CF lOECTRtkETKR USED IN tE«SURlflG RaDIATKM. 
THIS INSTBUkEKT IS KK*K a3 THL ROCHESTLK ION JiETER. 



THE MANHAlT:vN DISTRICT FILM FOR MLNIT0R1NQ FKliSOfcNEt 

exposed to radiation* both th*. ass&2sl&d badge and the 
component pakts arb shcjwn. 



TWO TYFLS OF PENCIL CHAABEhS PtR lffi«SUHlKG RADIATION, 
U3£ BI ?H?1 kAi.y ATT AM DISTRICT. 



c 



C6 - A 5PBCIAL AZlHSUfZft PIK&& BUS QSED IM MOIIT0HI10 

PSSaCWMtL UPOSKD TO giDTAPOM, A OULL D18I Of SURAL 
JWUX PHH IS PLACED II TUB CAP SHOW OS THE RXGBT* 



C 




c 



C7 - A, AM KMIAMTTO FSOIQ&Afg OF A NOftKAL FIKU2 PEWT HKJOfiOB) 
IS A »*^f Tgyt XKTSS8SX0S G0HP0OB* 



B* AI IMPIHMICI CP A EIGHT XB)SX FHKHR SXSMXMQ JUJtLX 
FlATTBUKI OF TIB BXDGH AID 96191 JCCAIIZJB) ATAOPSX* 
fB18 18 'ICS? K3TICIABU I* TUB UPHK HIGHX OF THE FJCTUII ( 

F8» soar job or book. 

' ; THK-IKMBMIC* 15 FBOTA RADI0L0O1W TOO Hlfl flOtOCD - : 
I Wm 1BSR «« AID BAOZQb 



V. 



Qj 




f 



THE CHU3UK PUKT. AM IK3TKMSW FOt JOA3UXIM TBS COSCO- 
THATIOI OF nOOfiU* AKD BXDftftUIGBXC ACID II AIR. 
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• IKS SWStUBD tPFFtQ **' lAHFAfflt KXT fCB BBUCTIOi Of TOXIC 
OASES. THIfl KIT KA3 USED PElMAltlLX FQft THE MT1CTIOI Of 

t TWwwH * rmMWiSD AS A. BI«rlKPnA JJi TUB mMilMmnBrnffiO 



GU • AM HAIXSB LAKP 69® JOB lOUflOfiXNC THE OTOWTiHTTOM Of 
CHLORIOTS AMD tWOSBSSH IK ADL 
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(04 - IBOSf IXaf OF IBB DISPDtSAKI AMD FIBST 4X0 STATIC* LOCATBJ 

at ins rmwm gohpqsatioi rum at oak buxs, tkhmssszx. 
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91$ * UK*? fZUF Of tHl KSDXC1L fil&PZSSABX AT tRt TBOTftltli 
IAS1MAI GORPOBATIOI PZJUft IT Oil EUXSE, TZMOSSSM* 
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fm of umsc Boarim. at hichukd, iabhikctc* 
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G17 - VIEV Or B0AMS-4HDKS80II MEDICAL SKHVX& BDUDHfO AT OAK 
BIDC3, Titionwaig. 
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CIS • TtO fn 6f 041 KUX3 BOSPXTAL ffifl W I lP 7RCVT IMttAlffi 
AMD Bit OF BOftFITAL. 
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FftQKT WBK OF SB OAK RHXS JDBRAL wttiM* CHUB* THE 

adult fomraoN ias thkatkb n this bcilddio* the 
muwm*t wtw. gate is m the boaunuhsisoh medical 
anna meukenq picttoid or 07* 
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SECOND 
FIRST AID BUILDING 
in Han ford 

Uttd frm tpHl l*> 10u3 

to J"" 1. - 
by S **rsM mi 3 doctor a. 



(onu) 

FIRST 
MEDICAL BIDS. 
In Han ford 

ffjtl mrtmg \aXUr 
Port Of iMI 

Jim-h* 0/ 
cwMmI oot 
b«dj - Mttfftd by 
mtrti md oHtrlf. 
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TIF8T 
FIRST AID BLDG. 
in Han ford 



4 rm 



( 
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THIRD TIR3T AID BUILDING IN HANTOPD 
rA<» t>0# of ti.ru tid Building was used from June 1, 19-3 
to July 23, 19*3 — - s taffed by tuo doctors and S nurses. 
This building contained doctors' offices and 10 beds in 
addition to first Aid. Similar buildings later used 

as sick bays fO r males, females, and isolation cases. 




TlftST AID STATION IN ft I CHLAN Li 
Tytical ta -ly H-,t lid Station in tl e hl nd 
*' i0 ' *<> of ladlec tcstital 

Stations in Sichlani, 



cz/o/) 



C 23 * TOBf OP AUTOMATIC EECORDIK1 AID ALARM 8ISXIM FOR B*ftT*TT0B 
VCKUH MUSI AT HAMPOBD KHGHSSX WOBKS. 
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HDRX 
(Abbreviation* 

Afrioan Pitohblende, S.5 
Allen, Dr. J. G., 3.50 
Alliv-Chalmars* C asp any, 5.19 
Alpha Partioles or Radiation, 
2.2. 2.4. 2.10 r 3.21, 5.9p 
Research, 6*2 
Aluminum Company oof Ameriea, 3.12 
Amerioan Chain * Cable Co., 5.12 
Amerloam CyanaaU Company, 3.15 
Argonne Laboratory, 3.40, 3.57 
Army Assault Mask, 3.21 
Authorisation*, 1.2 

Ex»outi-ra Order Ho. 9001, Ui t 4t 
Publio law lo. 354, 1.3 
Publio Lav Mo. 660, 1.8 
Publio Law lo. 70S, 1.2 



BIT Metals Corp., 3.12 
Baker Brothers bio or p., 3*12 
Baker, Dr. Lynn, 3*65 
Bale, Dr. W.P., 6.20 
Barrier Prcduotian, 5.18 
Barriers, 3*19 

Barren, Dr- E.S.C., 3.60, 5.19 
Battelle Memorial Institute, 5.12 
Bell Telephone Laboratories, 3.16 
Beryllium, 2.8, 2.16 
Beta Partioles or Radiation, 2.2 

2.4, 2.10, 3.10, 3.21, 3.44 

3,65, 5.64, 6.9 
Beta Radiation Rasearoh, 6.6,fr 

Knowledge Ava liable, 6.6 

Research Required, 6.6 

Programs Instituted, 6.6 

Institutions, 5.6 

Instrument, 6.6 

Results, 6.7 
Billings Hospital, 3.68, 3.61 
BloobJnd-oal Research Foundation, 

rf«2l, 8.19 
Biologio Institutes, 1.6* 5.6 
Biologio al Research Foundation, 

6.22 

Biologio and Health Phyaioo 
"" , Research, 5.1 
Blood Counts, 2.18 



App. - Appendix) 

Bloom, Dr. William, 5.19 
Blum, Capt. Bernard, 4.21 

App. C12 
Boone, Dr. Robert, 5.20 
Boron, 3.15 

Boyd, Dr. George, 6.20 
Breath Samples, 2.18, 3.18 
Brora. University, 3.18 
Brues, Dr. A. M., 5.17 
Brundage, Capt. B. M., 3.3, App. C12 
Brush Laboratories, 3.10 
Bryan, Capt., F. A., 3.8, App. C12, 
6.21 

Bush, Dr. V., 1.3 



Cadmium, 2.8, 2.15 - 
Cantril, Dr. S. T.„ 5.55, 3.57, 3.60, 
5.18 

Carbide « Carbon Chemioals Corp., 

3.23, 3.27, 3.29, 3.30 
Carbon Tetrachloride, 2.15, 3.16, 

3.31, 3.44 
Carborundum Company, 3.12 
Catastrophe Program (Baergeney 

Disaster), 3.27,^ 

Carbide * Carbon Chem. Corp., 3.27 

Clinton Laboratories, 3.56 ,.3, 3-2. 

Hanford Engineer Works, 4«W, 4.39 

Metallurgical Laboratory, 3.69 
Oak Ridge, 4»4#- 4.»3. 
Chrysler Corporation, 3.19 
Claws on. Dr. Don, 4.18 
CI arks on, Capt. W.R.; 3.3 
Clay, Dr. B., 3.60 

Clinioal Medicine a Dentistry, 4.1,-ff 
Hanford Construction Phase, 4.23,# 
Hanford Operations Phase, 4.27 
Oak Ridge, 4.1. 

Clinton Laboratories, 3.40, 3.55, 5.5 
5.16, 5.19 

Cobalt Trifluoride, 3.14 

Cole, Dr. I. S., 6.18 

Oolloidalgel, 2.20 

Columbia '^livers ity, 6.5, 5.8, 6.19 (7 f= 
Conant, Dr., J. B., 1.3 
Conditioning Prooess, 3.20 



Contractor*, handling 

Crude Ore, 3.6; Blaok oxide, 
3.6} brown oxide, 3.7; green 
•alt, 3«B| hexafluoride, 3.8| 
Uranium aatal, 3.9; Metal 
Shaping A Engineering, S.llj 
Fluorine* S.lSi Fluorooarbons, 
3.17 

Cooper* Dr. Raymond* 3.27 
Copper Weld 9teel Co., 3.11 
Costallo, Dr. Martin* 3.28 
Coats of Medioal Programat 

Carbide * Carbon Cham* Corp*, 

3.30 

Clinton Labor at oriei* 3.57* 
3.68 

Ferolere Corp.* 3.30 
Ford* Baoon aDaris Co** 3.30 
Hanford Engineer Works* 3*56 
Hanford Medioal (Const. Phase) 
4*ao- 

Hanford Medioal (Operations 

Phase), 4.40 
Hooker, 3.30 
Kellex, 3. SO 

Metallurgical Laboratories, 
3.61, 

Monsanto Chemloal Co., 

(Dayton), 3.66 
Oak Sidge Dental * Medioal, 
4. 22 1 Eesearoh Seotion, 6.23 
Tennessee Eastman Corp., 3.40 
-Creoker Radiation Lab.* tf. of 
California, 6.12* 6.13 
^Counter Instruments* 2.16* App. CI 
Curie, Definition of* 2.11 
Curtis* Dr. H. J., 6.19 



Dental Ccaraunlty Heeds, Oak Ridge* 
4.16 

Dental Health Center* Oak Ridge, 

4.16, App. C19 
Dental Pel icy. Oak Ridge* 4.17 
Dental Program* Hanford Const. 

Phase, 4.50} Hanford Oper. 

Phase, 4. ST 
Deringer* Or. M.* 5.22 



Dispensaries* Facilities 

Carbide * Carbon Cham. Corp. 
3.28* App. C.13| Clinton 
Laboratories, 3.66j Ferolere 
Corp., 3.29* App.C14| Ford, 
Baoon * Daris Co., 5.50; 
Metallurgioal Laboratory, 5.61 
Tennessee Eastman Corp., 3.37* 3.38* 
App. C.15 

Division of Industrial Medioine* 3.1,& 
Donaldson* Dr. Lauren, 6.23 
D ounce* Dr. Alexander* 5.21 
Dowdy, Dr. A. H», 6.20 
Drexel House* 3.61 

du Pont de lemours Corp., E.I., 5.6,^ 
3.13,. 3.14* 3.41, 3.53* 4.26 

ft 

Eleotronagnetio Process* 3.8* 3.31; 

Hasards* 3.31 1 
Electro Metallurgioal Co., 3.10 
Eleotrostatio Dust Precipitators, 

2.18, App. C8 
Eleotrostatio Indicators, 2.16* App. C2 
Emergenoy Disaster Program, (See 

Catastrophe Programs) 
Esehenbrenner* Dr. A. 6., 6.22 
Evaluation of Hasard Control In Pile 

Prooess, 3.61 
Brans, Dr. T. C* 5.22 



Faust, Mr. J. T«, 3.66 
Fa ilia. Dr. 0., 6.19, 5.22 
Ferolere Corporation, 3.29, 3.3 Q 
Ferguson, H. K. Company, 3.29 
Ferry, Major J. L., 3.3, App. CI 2, 
6.1 

Film Badges, 2.16, App. C4, 3.45 
Finger Prints, 2.17, App. C7, 3.46 
Finger Rings, 2.17* App. C6* 3.46 
Fission Products, 2.6, 2.12, 2.13 

3.43, 5.12; Hasard Researoh on, 6.15 
Fluoride Deteotor, 2.19, App. C9 
Fluorine, 2.7* 2.14* 2.19, App. C9, 

3.2* 3.13* 3.17, 3.20, 5.22 

Hasard Researoh, 5.14 
Fluor ooarbona, 2.6, 2.14, 3.14, 5.17, 

3.2i Hazard Researoh, 5.2* si9,# . 
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Ford, Baoon * Davis Corp., 5.29 
5.30 

Foster, Mr. Richard, 5.29 
Prank, It. E. D., 3.5, App,GL2, 
8.89 

Frijlell, Lt. Cel. H.L., 5.5, 
App, C12, 5.17, 6.1 



Gamma & X-ray Radiation (See 

Radiation, Researoh) 
Gamma Ray Researoh, 6.5, 

Knowledge Available, 5.8 

Researoh Retired, 5*8 

Program Instituted, 6.5 

Institutions, 5.4 

Raaulta, 5.4 
Gamma Rays, 2.2, 2.4, 2.11, 2.5, 

8.44, 3.62,*6.9 
Gas Diffusion Process, 5.5, 5.19 

Barrier Production for, 5.16 

Praps for, 5.19 

unit Assemblies for, 5.19 
Ooldrlng, Capt. Da-rid, 6.17 
Graeaelli Chemloal Co., 5.12 
Grorea, General L. R., 1.3, 1.4, 



Hal Ida Lamp, 2.20, App. Cll 
Hamilton, Or. J.G., 5.22 
Hand Counters, 5.46 
Harshaw Chemloal Corp., 8.9, 

5.6, 5.18, 8.15 
Haven, Dr. Francis, 5.21 
Hazards of 

Chemloal s. Gases, Liquids, 
Solids, 2.6, 2.7, ^ 
Beryllium, 2.8 
Boron, 5. 15 
Cadmium, 2.8 
Fluorine, 2.7, 5.18 
Fluor ooarbons, 2.8, 5.14 
Hydrogen Fluoride, 2.7 
Medioal Control of, 8.18, 

8.14, 8.15 
Viokel, 2.9 
Phosgene, t.7 
Researoh, 5*1, -fh 
. Triohlorethylene, 2.8 



Gas Diffusion Process, 5.20 
Eleotromagnetlo Process, 8.81 
Normal Industry, 2.1 
Pile Prooess, 8.48 
Polonium Production, 8. 62 
Radioactivity, 2.1 
Thermal Diffusion Prooess, 3.22 
uranium Processing, 8.8 

Blaok Oxide, 8.6 

Brora Oxide, 8.7 

Crude Ore, 3.5 

Green Salt, 3.6 

Hasards, 3.5, 

Hexafluoride, 3.8 

Medioal Control of, 3.10, 3.12, 3.18 
uranium M e tal, 8.9, 3.12 
Hasard Researoh on Substances of 

Potential Tozioity, 5.15 
Herring, Hall, Marria Safe Co., 5.12 
Hast on. Dr. W. E., 5.22 
Hexafluoroxylene, 5.14 
Hodge, Dr. Harold, 5.20 
Holt, Dr. Harold, 5.20 
Holt, Dr. W. B., 4.15 
Hooker Electro- Cham ioal Co., 3.14 
Houdaille-Hershey Co., 5.16 
Howl and, Capt. J. W. # 5.5, 5.17, App. C12 
Hydrogen Fluoride, 2.7, 2.14 



Industrial Hygiene, 1.2 
Industrial Medioal Relations at 

Hanford, 4.27 
Industrial Researoh, 5.15 

Institutions for, 5.15, 5.16 
Instrument Researoh, 5.7 

Institutions for; 5.8 
Iowa State College, 3.10 



Jaoobson, Dr. Leon, 8.59, 5.17, 5.18 
Jacobs on. Dr. Louis, 5.22 
Jaffa, Capt. L., 5.5, App. 0.2, 5.59 
Jameson, Capt. Lloyd, 4.21 
Johns Hopkins university, 3.13, 3.14, 
5.17 

'Joslyn Manufacturing & Supply Co,, 
3.12 
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Kadlec Hospital, 3.52, 3.54, App. 

C16 

Kammer, Dr. Adolph, 3.27 
K«llsx Corporation, The, 3*5, 
S.16 

Kellog Co., M.W., 3.16 
Kettering Laboratory, 6.22 



Load, 3.62 

Leggo, Dr. Christopher, 3.39 
Lesoo, Dr. Herman, 5.19 
Liniie Mr Products, 3.6, 3.7, 

3.14. 
Liade Ceramics, 3.6 
Llnde Researoh Laboratories, 3.16 
Loreni, Dr. E«, 5.22 



Madison Square Area, 3.3, 3.4 
Malllnokrodt Chemioal Co., 3.7, 

3.8, 3.10 
Massachusetts Institute of 

Technology, 5.18 
McDonald, Dr. Ellioe, 5.23 
MoKinney tool Manufacturing Co*, 

3.12 

Mears, Capt. B.J., 3.3, App, 
C12 

Medical Community Needs 

Hanford Construotion Phase, 
4.25 

Hanford Operations Phase, 

4.31 
Oak Ridge, 4.1 
Medioal Control of Hazards, 3.10/ 
Electromagnetic Prooess, 3.32 
Pile Prooess, 3.45 
Poloni.ua Produotion, 3.62 
Thermal a Gas Diffusion 

Prooess, 3.23 
Medioal Examinations, 3.60 
Interval or Interim, 3.23, 

3.53, 3.50, 3.63 
Pre-employment, 3j25, 3.32, 

3.50, 3.63 
Termination, 5*24, 3*35, 

3.50, 3.63 
Medical Policy, 4.4, 4.5 

Hanford .Construotion Phase, 

4.25 



Hanford Operations Phase, 4.33 
Oak Ridge, 4.4 
Medioal Serriee Building (Oak 

Ridge), 4.2, App. C17, 4*5, 4.17, 
4.21 

Metal Hydrides, 3.10 
Metals, 2.15 

Metal Processing 4 Shaping, 3.42 
Metal Shaping * Engineering, 5.11 
Metallurgical Laboratory, 3.2, 3.40, 

5.58, 5.69, 5.4 
Metoalf, Capt. Roger, 6.21 
Middlesex Warehouse, 5.6 
Monitoring, 5.65 

Air Contamination, 3.24, 

Dust, 3.34 

Atmosphere, 3.47, 3.69 

Maintenance Work, 5.48 

Personnel, 3.45, 3.64 

Phosgene, 5.34 

Plant Areas, 5.46 

Radiation, 5.25, 3.54, App. B9, 
5.64 

Water, 5.47 
Monoohlorotrifluoroethaleme, 5.14 
Monsanto Chemioal Co. 5.62 
Morgan, Dr. K. Z., 5.19 

National Bureau of Standards, Z^3r, 
3.18 

Hational Cancer Institute, 5.4, 5.16, 

5.19, 5.22 
National Defense Research Comm., 1.5 
■el s on. Dr. Harold, 4.18 
Neutrons, 2.5, 2.10, 5.41 
Neutron Radiation- Research, 5.4 

Knowledge Available, 5.4 

Researoh Required, 5.5 

Program Instituted, 5.5 

Institutions, 5.6 

Results, 5.6 
lew York Area, 5.8 
Hew York Safety Committee, 8.2, 

App. B8, 5.26 
Niokel, 2.9 

liokson. Dr. J. J., 3.60, 5.18 
licks on. Dr. J. M., 3.60 
licks on. Dr. Margaret, 3.60 
Norwood, Dr. W. D., 3.68, 4.55 



Oak Ridge Department of Health 

Building, 4.21, App. C20 
Oak Ridge Hospital, 5.39, 

App. C18, 4.6, 4.11 
Objectives, Medical Program, 

1.1, App. Al 
Oooupational ft Hon-Ocou- 
pational Medical Car* 
Carbide * Carbon Chen. 
Corp., 3.27 
Clinton Laboratories, 3.55 
Hanford Engineer Works, 3.52 
Tennessee Eastman Corp., 
3.36, 3.37 ' 
Off ioe of So lent if io Research ft 
Development (OSRC), 1.3, 5.1, 
6.1 

Offioer Qualifications, 6.2, 

App. BIO 
Operation Hazards, 2.1 

Gases, 2.1 

Metals, 2.15j Liquids, 2.8) 
Solids, 2.8 
Radioactivity, 2*2 
Alpha, 2.2 
Beta, 2.2 
Gamma, 2.2 
Substances, 2.3 
Tolerance Levels, 2. 9.0 
Organization 

Carbide ft Carbon Cheat. 
Corp. (Medical Dept.), 
3.27 

Organisation (Dental Dept.) 

Oak Ridge, 4.13. ^ 
Organisation (Medical Dept.) 

Carbide ft Carbon Cham. Corp., 
3.27 

Clinton Laboratories, 3.56,^ 
Hanford Construe t ion Phase, 
4.28 

Hanford Engineer Works, 3.53 
Hanford Operations Phase, 4.35 
Metallurgical Laboratories, 3.59 
Monsanto Chemical Co* (Dayton), 
3.62 

Oak Ridge Hospital, 4.13 
Tennessee Eastman Corp., 3*37 



Organisation (Research Section), 
6.16, # 

Biochemical Researoh Doundation, 
5.22 

Clinton Laboratories, 5.19 
Columbia University, 6.22 
Manhattan District, 6.16 
Rational Cancer Institute, 6.22 
University of California, 5.22 
University of Roohester, 5.20 
University of Chicago, 5.17 
University of Washington, 5.23 
Overstreet, Dr. Ray, 5.22 



Parker, Mr. H. M,, 3.53, 5.18 
Patient Visits per Month 

Carbide ft Carbon Chem. Corp., 
3.25 ■ 

Hanford Engineer Works, 3.55 
Metallurgical Laboratories, 3.61 
Tennessee Eastman Corp., 3.35 
Pencil Chambers, 2.17, App. C6, 3.45, 
3.64 

Phosgene, 2.7, 2.14, 2.19, 3.36, 
App. CIO 

Phosgene Detector, Chemical Warfare, 

2.19, App. CIO 
Pile Process, 3.11, 3.40 
Pitluok, Dr. Harry, 4.18, 6.2 
Plutonium, 2.5, 2.12, 2.13, 3.40 

Hasard Research on, 5.11 
Policy, Medical ft Dental Clinic, 4.4 
Polonium, 2.5, 2.11, 2.13, 3.62 

Hasard Research on, 5.10 
Polonium Process, 3.62 
Pratt, William E., Mfg. Co., 3.12 
Prepayment Plan for Medio al Care 
Oak Ridge Health Association, 
4.7, App. A2 
Objectives, 4.7 
Membership ft Fees, 4.8 
Services Covered, 4.8 
Services not Covered, 4.9 
Contraot of the Association 
with the Hospital, 4.10, App. B8 
Administration, 4.10 
Evaluation of, 4.10 
Probable future of, 4.12 
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Prinoeton Univaraity, 3*16, 3.18 
Processing of 

Black Oxide, (OgOg), 3.6 

Boron, 3*16 

Brown Oxide, (DOj), 3.7 

Crude Ore, 3*6 

Green Salt, (UF 4 ), 3.8 

Fluorine, 3.15 

Fluor 00 are ana, 3*13* 5*14 

Cranium hexaflucride, (UF g )» 5. 

Uranium Metal, 3.9* 3.11 
Procurement « Assignment Service, 

1.5, App. B7 
Proteotion Procedure a of Pile 

Process, 3.48 
Proaser, Dr. C. L., 5.18 
Public Heal 1ii Program, 4.20 

Type of Service Rendered 
Hanford Construction Phase, 
4.26 

Hanford Operations Phase, 4.33 

Oak Hidge, 4.6 
Pumps for Diffusion Prooeee, 3.19 
Purdue University, 3.18 
Purpose of Hesearoh Program, 5.2 



Quality Hardware & Machine Corp., 
3.12 

Radiation Hazards (See Hasards) 
Radiation Hesearoh, 5.2,^ 

Alpha, 5.7; Beta, 5. 61 X-ray 
* Gamma Bays, 5.3 
Instrument, 5.7 
Mjxed, 6.7 
Institutions, 5.8 
leutron, 5.4 
Radioactivity, 2.2, & 
Hazards of, 2.1 
Methods 4 Instruments for 
evaluation, 2.16 
Radioactive Subatanoes, 2.3 
Fission Products, 2.5 
Plutonium, 2.5 
Polonium, 2.6 
Radium, 2.4 
Radon, 2.4 
Uranium, 2.6 



Radius, 2,4, 2.5, 2.13, App. B, 
3.17, 6.1 

Hesearoh on Extraction of, 3.17 
Re a ear ch on Hazards, 6.10 

Radon, 2.4, 2. 11 

Rea, Lt.Col., C.E., 4.13, 6.2 

Records, 3.64 

Hesearoh Organizations (See Organi- 
sation, Research Section) 

Raker a, Cap t. Paul, 6.21 

Reports of Hesearoh Activities, 5.16 

Research, 1*1 

Fission Products, 1.1 

On the Diffusion Process, 3.16 

Plutonium, 1*1 

Polonium, 2.6 

Radiation. 1.1 (See Radiation 
Hesearoh) 

Uranium, 1.1 
Revere Copper * Brass Co., 3.12 
Riohland, Washington, 4.23, 4.28, 

4.31, 4.32, 4.33 
Roane-Anderson Co., 4.14, 4.17, 4.18, 

4.22 

Rogers, Dr. D. B., 3.29 
Rose, Mr. J. E., 6.19 



Saint Elisabeth* s Hospital, 4.20 

S.AJa*. Laboratories, 3.16 

Schrenk, Dr. H. H., 5.21 

Schwartz, Dr. S., 3.60, 5.19 

Schuman, C. H. A Co., 3.12 

Scott, Dr. K.'S., 5.22 

Secretary of War, 1.2, 1.3, 1.4 

Security 

Effects of, 1.6 

Silverman, Ur. L. B., 5.65 

Sinei, Dr. Hathan, 4.7 
Sklaire, Dr. Harris, 3.29 
Soz, Lt. Col. C. B., 6.3 
Special Hazard Committee at 

Hanford Engineer Works, 3.62 
Spenoer, Dr. R. R., 5.2? 
Squires, Dr. William* 4.18 
Stsllings, Mr. J. H.,' 4.10 
Standard Oil of Indiana, 3.15 
Stapleton, Mr. Bewton", 4.59 
State Boards of Dental Examiners, 
1.6 



State Boards of Medical Examiners, 

1.6 
Statistics 

Hanf ord Dental (Operations 
Phase)* 4.57 

Hanf ord Medioal (Construction 
Phase), 4.29 

Hanf ord Medioal (Op orations 
Phase), 4.55 

Oak Ridge Dental, 4.18 

Oak Ridge Uedioal, 4.14 
Steadman, Dr. L. T., 5.21 
Sterner, Dr. James H., 5.27 
Stookinger, Dr. H. 5.21 
Stone, Dr. R. S., 5*58, 5.59, 5.60, 

5.17, 5.18 
Streeter, Dr. A. I., 5.57 
Sublimation, 5.51 
Surgeon General's Of floe. 

Assistance from, 6.2 
Suter, Dr. George, 5.21 



Tallinferro, Dr. W. H., 5.19 
Tannenbavn, Dr. Albert, 5.18 
Tellurium, 5.62 
Terrell, Dr. H. M #J 5.25 
Thayer, Mr. Hanf ord, 6.25 
Thermal Diffusion Prooess, 5.5, 

5.21, 5.22 
Tiedeaann, Mr* Darid, 5.21 
Tolerance Conoent rat ions for 
RadioaotiTe Sob stances la Air, 
2.U£App. Bl 
Fission Products, 2.12 
Plutonium,. 2.12 
Polonium, 2.11 
Radon, 2.11 
Uranium, 2.12 
Toleranoe Levels in Air for 
Chemioal Hasarda, 2. 14,7? 
Beryllium, 2.15 
Cadmium, 2.15 
Carbon tetrachloride, 2.15 
Chloroform, 2.16 
Fluorine, 2.14 
Fluorooarbona, 2.14 
Hydrogen Fluoride, 2.14 
Phosgene, 2.14 
Triohlorethylene, 2.15 



Toleranoe Levels of RadioaotiTe 

Materials In Body Tissues, 2.12,-jf 
Fission Products, 2.15 
Plutonian, 2.15 
Polonium, 2.15 
Raditn, 2.15, App. Bl 
Toleranoe Lerele of RadioaotiTe 

Substanoes In Urine, 2.15 
Toleranoe Levels of Various Types 
of Radiation, 2.10, 2.11 

Total Body Radiation, 2.10, App. Bl 
Alpha, 2.10 
Beta, 2.10, 5.6 
Meutron, 2.10 
•Gamma, 2.11 
Treon, Dr. J. F., 6.22 
Triohlorethylene, 2.6, 2.15, 5.2, 

5.20, 3.22, 3.44 
Tybout, Lt. R. A., 3.3, App. C12 
Type of Medioal Serrioe Rendered 
Hanf ord Construotion Phase, 4.26 
Hanf ord Operations Phase, 4.51 
Oak Ridge, 4.6 



U. S. Publio Health Serrioe, 2.12, 4.20 
U. S. Vanadium Corp., 5.5 
Universities, 1.6 

University of California, 5.11,^5.22 
University- of Chloago, 5.2, 5.40, 
3.57,«1^67~6.4, 5.8, 6.10, 5.11, 
5.15, 5.16, 5.19,4f 
Coluabla Umirersity, 5.5, 5.8, 5.19,-0= 
6.21 

University of Minnesota, 5.19 
University of Pennsylvania, 5.20 
University of Rochester, 5.2, 4.11, 

4.15, ^77^5.4, 5.8, 5.10, 5.15, 

5.16, 6.19, 5.20,#- 

University of Washington, 5.4, 5.15, 
5.25 

Uranium, 2.6, 2.12, 5.1 

Blaok Ojdde (U.0«), 3.6, 3.45 

Brown Oxide, (UOg), 3.7 

Crude Ore, 5.6 

Green Salt, (UFj, 5.8 

Hasard Research on, 6.14 

Hexafluoride, 5.2, 5.8. 5.17, 5.20, 

3.21, 5.22 
Metal, 5.9, 5.11, 5.45 
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Oxyfluoride, S.8„ 3.21 

Radiation, Research, 5.14 

Tetrachloride (&C1.), 3.31 

Trioxide (UOg), 3.31 

Toxioity of, App. B2 
uranium, 255, 2.6, 3.3, 5*16 

3.19, 3.31 
Uranium 238, 2.5, 3.19, 3.51, 3.41 
Uranium, Xj, 5.9, 5*21 
Uranium, Ig, 5.9, 5.21 
Urine, 2.15, 2.18 
D"ae of handicapped workman at 

Hanford, 4.27 



Vacuum Tube Electrometers, 2*16, 
App* CS 

Valentine, Capt. William, 6,21 
Vanadium Corp*, of America, 5*5 
Vapor Phase, 5*31 
Vaughn, Mr. Henry, 4.10 
Veterinary Serrioe at Oak Ridge, 
4.21 

Vitro Mfg. Corp., 5.6, 5.7 
Voegtlln, Dr. Carl, 5.21 



Hantaan, Mr. Maury, 5.20 
Warren, Col. S. L., 6.17, 6.20, 
6.1 

Washington State License Bureau, 
4.26 

Watson, Dr. C. J., 3.60, 6.19; 
Welsh, Col. A. B., 6.5 
Westing house Eleotrio A Mfg. 

Co., 3.10 
Wetherhold, Dr. J. M., 4.28 
Wirth, Dr. J. 3.57, 6.19 
JTolf, Capt. B. S., 5.5, 5.59, 5.65, 

App. C12 
Wollan, Dr. E. W., 5.18 



Tale University, 5.17 



Zirkle, Dr. R. B., 6.18 
Zussman, Dr. Bernard, 5.27 
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